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Preface to the Second Edition 



The development of Multislice (multidetector row) computed tomography (CT) have had a 
deep impact on the general use of CT. Ct is now again being increasingly used as compared 
to other modalities, especially magnetic resonance imaging (MRI). Consequently, the in- 
terest in practical aspects of the method must keep pace. While in recent years the ques- 
tions included when and how to use the systems, dedicated protocols are now requested 
for each important medical indication. 

To address the more and more dedicated examinations, the second edition of Protocols 
for Multislice CT has become a multiauthor volume, the contributors being well-known 
experts in their fields. Their chapters provide structured up-to-date information on all 
routine protocols used for multislice CT. Also, the en bloc display is aimed to enable rapid 
appreciation of the indications and the necessary scanner settings. 

New medical indications for computed tomography, such as cardiac CT, are established. 
There are six chapters in this volume addressing this important and fascinating applica- 
tion. Children are increasingly referred for an investigation using a multislice CT since the 
technique is fast, reliable, and only a small radiation dose is involved. A dedicated chap- 
ter addresses the special protocol and contrast material regimen necessary. Mulislice CT 
scanners are also increasingly used to guide interventional procedures; the most common 
are described in four chapters to enable fast appreciation. 

The way the CT examination is planned and carried out has been substantially changed. 
Instead of individual axial slices, there is a thin-collimation acquisition of a volume. Sub- 
sequent reconstructions in different planes are becoming more and more routine and are 
indispensable for many protocols. Thin-collimation acquisition has also been recognized 
as being useful for minimizing artifacts. 

However, care must always be taken so as not to increase the patient radiation dose 
unnecessarily. A chapter has been dedicated to this important topic. According to recent 
recommendations, and whenever possible, the mAs must be reasonable even at thin col- 
limation. Also, the scanned volume must be restricted, especially since multiphase whole- 
body scans are easily performed. Last, but not least, the indication for examination must 
be established. The increased speed of multislice CT also suggests a change in the use of 
intravenous contrast agents. While the different injection doses, velocities, and concen- 
trations are currently under investigation, both theoretical considerations and practical 
protocols for each body part are included in this book. 

In the first edition, most protocols were optimized for Siemens scanners. In this second 
edition, however, the protocol layout and the data presented were intentionally changed so 
that they can be employed for all systems regardless of the manufacturer. Also, all proto- 
cols were adapted to accommodate all scanner generations, including the latest available 
64-slice generation from all manufacturers. While we made substantial effort to adjust 
the protocols according to current knowledge, preferences change quickly and may vary 
from site to site. Therefore, if the reader has any comments or suggestions for variations 
of these protocols, please do not hesitate to contact any of us. Please note that despite care- 
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ful editing, there can be no liability on the part of the authors for the use of any of these 
protocols. 

We would like to express our sincere thanks to all the contributors and to all who sup- 
ported us. After the first volume sold out, Springer and LE-TeX kindly supported the idea 
of publishing this second edition and again provided us with invaluable assistance. We 
hope that everyone enjoys reading this book. 



Roland Bruening Munich 
Axel Kuettner Erlangen 

Thomas Flohr Forchheim 



Preface to the First Edition 



The radiology community has seen a substantial technical innovation with the develop- 
ment of multislice computed tomography (CT). The introduction of multiple parallel de- 
tectors is undoubtedly one of the most important technical improvements in the field of 
CT. Moreover, the new advantages of CT may also have an impact on the general use of CT 
and magnetic resonance imaging (MRI). 

Multislice CT is becoming increasingly available in industrialized countries. Conse- 
quently, interest in practical aspects of the method is also growing. Common questions 
include when and how to use the systems. While the initial scanners were equipped with 
two or four detector rows, current advances have led to scanners with up to 16 rows be- 
coming available for clinical use. And there is still more to come. 

As these multislice CT systems maintain the general advantages of CT, i.e. reliability 
and short examination times, their ability to investigate large areas of the body in a very 
short time with improved transverse resolution has broadened the potential medical ap- 
plications of CT. Thus, new medical indications for CT, such as cardiac CT, have emerged. 
Some questions in diagnostic imaging, e.g. a non-invasive neck study for suspected ca- 
rotid stenosis, may in future be solved more frequently with multislice CT than with MRI. 
Other indications such as the staging of rectal or laryngeal cancer may see a higher sensi- 
tivity and specificity with multislice CT than with single-slice systems. 

There is also a substantial change in the way the examination is planned and carried 
out. Instead of individual axial slices, there is a thin-collimation acquisition of a volume. 
Subsequent reconstructions are becoming more and more important. In some protocols, 
such as the cranial sinuses, only the coronal reconstructions are read at our institution, 
while the axial data are not used.Thin-collimation acquisition is also useful for minimiz- 
ing artefacts. It is here that reconstructions are made in thicker slices to minimize image 
noise. 

Care must be taken so as not to increase the patient radiation dose unnecessarily. There- 
fore, whenever possible, the mAs must be adapted and reduced, the scanned volume must 
be restricted and last but not least the indication for the examination must be established. 
The increased speed of multislice CT suggests a change in the use of intravenous contrast 
agents. While the different injection doses, velocities and concentrations are currently 
under investigation, the protocols in this book include a subjective recommendation for 
use. 

This book includes a personal selection of protocols for application with four-row or 
16-row scanners. These protocols have been optimized for Siemens scanners; however, the 
protocol layout and the data presented can also be employed with different bands. While 
we made substantial effort to adjust the protocols to the current knowledge, prefereces on 
the use of protocols change quickly and also vary from site to site.Therefore, if the reader 
has any comments or suggestions for variations of these protocols, they should not hesi- 
tate to contact us. Please note that despite careful proofreading, there can be no liability 
on the part of the authors for the use of any of the protocols. 
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We would like to express our sincere thanks to all the contributors and to the local CT 
technicians. We gratefully acknowledge Prof. Maximilian Reiser, who enabled and en- 
couraged this early clinical experience with multislice CT in Grofthadern by his personal 
patronage and vision. Springer kindly supported the idea of publishing this volume and 
provided us with invaluable assistance. We hope that everyone interested in the technique 
of multislice CT finds this book useful. 



R. Bruening 
T. Flohr 



Munich 
Forchheim 
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How to Read the Tables 



T. Flohr 



In the following chapters, please find a se- 
lection of scan protocols for various catego- 
ries of MDCT systems, ranging from 4 to 64 
slices. These protocols are meant as sugges- 
tions; they can be modified and adapted to 
individual clinical needs or individual pa- 
tient requirements. 

There are some common rules that apply 
to the scan protocol definitions. 

Pitch 

• All authors use the standard IEC pitch 
definition, where pitch is defined as 
table feed per rotation divided by the 
total width of the collimated beam. The 
total width of the collimated beam is the 
number of active detector rows times the 
collimated width of one detector row. It 
must be kept in mind that the Siemens 
SOMATOM Sensation 64, although ac- 
quiring 64 overlapping 0.6-mm slices 
per rotation, has a total beam width of 
32x0.6 mm. 

• When pitch ranges are indicated for a 
scan protocol, they apply to scanner 
types with freely selectable pitch. For 
scanner types with fixed pitch values, 
the value closest to the indicated pitch 
range should be chosen. 

• The pitch recommendations show wheth- 
er an acquisition can be performed at 
high pitch to optimize volume coverage, 
such as in thorax or abdominal CTA ex- 
aminations, or whether the pitch should 
be reduced to optimize image quality, 
such as in head or spine examinations. 

• ECG-gated cardiac scanning is a special 
case that requires very low pitch (typi- 
cally p = 0.2-0.35, depending on the 



number of rows, the gantry rotation 
time, and the number of data segments 
from different cardiac cycles used for 
image reconstruction) to ensure gap- 
less coverage of the heart volume in all 
phases of the cardiac cycle. 

Tube Current Time Product 

All authors differentiate between mAs and 
effective mAs. Some manufacturers, such 
as Siemens, use the "effective" mAs concept 
for their scanners, which includes the pitch 
dependence into the mAs definition by 
multiplying mAs with 1/p. For spiral scans, 
(mAs)gff is indicated on the user interface 
for Siemens users. Some other manufactur- 
ers, such as Toshiba and GE, use the con- 
ventional mAs definition. 

• When comparing the scan parameters 
for CT systems of different manufactur- 
ers, the underlying mAs definition has to 
be taken into account. The difference is 
most obvious for low pitch protocols, in 
particular for cardiac scanning. Consid- 
er the example of an ECG-gated cardiac 
CTA examination at 0.4-s rotation time 
and pitch 0.25, using 120 kV and a tube 
current of 500 mA. These parameters 
result in 500 mAx0.4 s = 200 mAs, but 
in 500 mAx0.4 sxl/0.25 = 800 eff. mAs. 
To reduce the confusion, the authors list 
both mAs and effective mAs for each 
protocol in the scan protocol tables of 
this book. 

• When mAs ranges are indicated, they 
usually refer to different patient consti- 
tutions. Adaptation of the dose to patient 
size and weight is the most important 
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factor for reducing radiation exposure 
[1-3]. 

• As a general rule, the dose necessary 
to maintain constant image noise has 
to be doubled if the patient diameter is 
increased by 4 cm. This is of particular 
importance in pediatric imaging (see 
Chap. 5). 

Tube Current 
Modulation Techniques 

• With this technique the tube output is 
automatically adapted to the patient ge- 
ometry during each rotation of the scan- 
ner to compensate for strongly varying 
X-ray attenuations in asymmetrical body 
regions, such as the shoulders and pelvis. 
The variation of the tube output is either 
predefined by an analysis of the localiz- 
er scan (topogram, scout view) or deter- 
mined online by evaluating the detector 
signal. With use of this technique, dose 
can be reduced by 15-35% without de- 
grading image quality depending on the 
body region [4,5]. In more sophisticated 
approaches, the tube output is modified 
according to the patient geometry not 
only during each rotation, but also in 
the longitudinal direction to maintain 
an adequate dose when moving to dif- 
ferent body regions, for instance, from 
thorax to abdomen (automatic exposure 
control). 

• Users of scanners equipped with CARE- 
Dose 4D software or other similar soft- 
ware should not adapt the mAs settings 
manually, as indicated in the scan proto- 
col recommendations of this book. This 
will be done automatically by the CARE- 
Dose 4D software. Instead use a mean 
mAs value within the specified range as 
a "reference." 



otherwise the amount, injection speed, 
and density of contrast material must be 
adapted. 

Reconstruction Kernels 

• Each vendor of CT scanners provides dif- 
ferent convolution kernels - also called 
"filters" - to trade off in-plane spatial 
resolution and image noise according 
to the underlying clinical application. 
Since there is no naming convention for 
these kernels, the authors in this volume 
use the terms soft, standard, bone, or 
high resolution to indicate the desired 
imaging characteristics independent of 
the individual scanner type. 
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1.1 Introduction 

The introduction of spiral computed tomo- 
graphy (CT) in the early 1990s constituted 
a fundamental evolutionary step in the de- 
velopment and ongoing refinement of CT- 
imaging techniques [1,2]. For the first time, 
volume data could be acquired without the 
danger of misregistration or double regis- 
tration of anatomical details. Images could 
be reconstructed at any position along the 
patient axis (longitudinal axis, z-axis) and 
overlapping image reconstruction could 
be used to improve longitudinal resolu- 
tion. Volume data became the very basis 
for applications such as CT angiography 
[3], which has revolutionized noninvasive 
assessment of vascular disease. The ability 
to acquire volume data also paved the way 
for the development of three-dimensional 
image processing techniques such as multi- 
planar reformations (MPR), maximum-in- 
tensity projections (MIP), surface-shaded 
displays (SSP), or volume-rendering tech- 
niques (VRT) [4], which have become a vi- 
tal component of medical imaging today. 

The main drawbacks of single-slice spi- 
ral CT are either insufficient volume cov- 
erage within one breath hold time of the 
patient or missing spatial resolution on the 
z-axis due to wide collimation. With single- 
slice spiral CT the ideal of isotropic reso- 
lution, i.e., of equal resolution in all three 
spatial axes, can only be achieved for very 
limited scan ranges [5]. 

Larger volume coverage and improved 
longitudinal resolution may be achieved by 
simultaneous acquisition of more than one 
slice and by faster gantry rotation. In 1998, 
all major CT manufacturers introduced 
multislice CT (MSCT) systems, which typi- 



cally offered simultaneous acquisition of 
four slices at a rotation time of 0.5 s, thus 
providing considerable improvement of 
scan speed and longitudinal resolution 
and better utilization of the available X- 
ray power [6-9]. Simultaneous acquisition 
of M slices results in an M-fold increase in 
speed if all other parameters, such as slice 
thickness are unchanged. The increased 
performance allowed for the optimization 
of a variety of clinical protocols. The exami- 
nation time for standard protocols could be 
significantly reduced, which proved to be 
of immediate clinical benefit for the quick 
and comprehensive assessment of trauma 
victims and of uncooperative patients. Al- 
ternatively, the scan range that could be 
covered within a certain scan time was ex- 
tended by a factor of M, which is relevant 
for oncological staging or for CT angiogra- 
phy with extended coverage, for example of 
the lower extremities [10]. 

The most important clinical benefit, 
however, proved to be the ability to scan a 
given anatomic volume within a given scan 
time with substantially reduced slice width 
at M times increased longitudinal resolu- 
tion. This way, for many clinical applica- 
tions the goal of isotropic resolution was 
within reach with 4-slice CT systems. Ex- 
aminations of the entire thorax [11] or ab- 
domen could now routinely be performed 
with a 1-mm or 1.25-mm collimated slice 
width (Fig. 1.1). MSCT also dramatically 
expanded into areas previously considered 
beyond the scope of third-generation CT 
scanners based on the mechanical rotation 
of the X-ray tube and detector, such as car- 
diac imaging with the addition of ECG gat- 
ing capability. With a gantry rotation time 
of 0.5 s and dedicated image reconstruction 
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Single slice 7 mm, 0.75 s 
350 mm in 26 s 



4x1 mm, 0.5 s 
350 mm in 30 s 



16x0.75 mm, 0.5 s 
350 mm in 10 s 



Fig. 1.1. Case study (axial slices and coronal MPRs) of a thorax examination illustrating the clini- 
cal performance of single-slice CT (7-mm slices, left), 4-slice CT (1-mm slices, center) and 16-slice CT 
(0.75-mm slices, right). The difference in diagnostic image quality is most obvious in the MPRs. The 
single-slice and 4-slice images were synthesized from the 16-slice CT data 



approaches, the temporal resolution for the 
acquisition of an image was improved to 
250 ms or less [12,13], which proved to be 
sufficient for motion-free imaging of the 
heart in the mid- to end-diastolic phase 
at slow to moderate heart rates (i.e., up to 
65bpm[14]). 

Despite all these promising advances, 
clinical challenges and limitations re- 
mained for 4-slice CT systems. True iso- 
tropic resolution for routine applications 
had not yet been achieved, since the lon- 
gitudinal resolution of about 1 mm does 
not fully match the in-plane resolution of 
about 0.5-0.7 mm in a routine scan of the 
chest or abdomen. For large volumes, such 
as CT angiography (CTA) of the lower ex- 
tremity run-off [10], even thicker (i.e., 2.5- 
mm) collimated slices had to be chosen 
to complete the scan within a reasonable 
timeframe. For ECG-gated coronary CTA, 
stents or severely calcified arteries consti- 
tuted a diagnostic dilemma, mainly due to 
partial volume artifacts as a consequence 
of insufficient longitudinal resolution [15], 
and reliable imaging of patients with higher 



heart rates was not possible due to limited 
temporal resolution. 

As a next step, the introduction of an 
8-slice CT-system in 2000 enabled shorter 
scan times, but did not yet provide im- 
proved longitudinal resolution (the thin- 
nest collimation was 8x1.25 mm). The lat- 
ter was achieved with the introduction of 
16-slice CT [16,17], which made it possible 
to routinely acquire substantial anatomic 
volumes with isotropic submillimeter spa- 
tial resolution. Improved longitudinal reso- 
lution goes hand in hand with considerably 
reduced scan times that enable high-qual- 
ity examinations in severely debilitated 
and severely dyspneic patients (Fig. 1.1). 
CTAs in particular benefit from the gain 
in spatial resolution, and clinical praxis 
suggests the potential of 16-slice CT to re- 
place conventional catheter examinations 
for many indications. ECG-gated cardiac 
scanning is enhanced by both, improved 
temporal resolution achieved by gantry ro- 
tation times down to 0.375 s and improved 
spatial resolution [18,19]. As a consequence 
of the increased robustness of the technol- 
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ogy, characterization and classification of 
coronary plaques is becoming feasible even 
in the presence of calcifications. 

Currently, the race for more slices is on- 
going. In 2004, all major CT manufacturers 
introduced MSCT-systems with 32, 40 or 
64 simultaneously acquired slices, which 
brought about a further leap in volume 
coverage speed. Some of these scanners use 
double z-sampling, a refined z-sampling 
technique enabled by a periodic motion of 
the focal spot in the z-direction (z-flying 
focal spot), to further enhance longitudi- 
nal resolution and image quality in clinical 
routine [20]. With the most recent genera- 
tion of CT systems, CT angiographic ex- 
aminations with submillimeter resolution 
in the pure arterial phase become feasible 
even for extended anatomical ranges. The 
improved temporal resolution due to gan- 
try rotation times down to 0.33 s has the 
potential to increase clinical robustness of 
ECG-gated scanning at higher heart rates, 
thereby significantly reducing the number 
of patients requiring heart rate control and 
facilitating the successful integration of CT 
coronary angiography into routine clinical 
algorithms. 

Very useful up-to-date information re- 
garding MSCT is readily available on the 
Internet, for example on the UK MDA CT 
Web site www.medical-devices.gov.uk or 
at www.ctisus.org. 

1.2 Technical Principles 
of MSCT 

In the following subsections we will discuss 
the relevant design features for volumetric 
scanning with MSCT-systems. 



1.2.1 Detector Design 

Modern CT systems generally use solid- 
state detectors. Each detector element 
consists of a radiation-sensitive solid-state 
material (such as cadmium tungstate, gad- 
olinium-oxide or gadolinium oxi-sulfide 
with suitable dopings), which converts the 
absorbed X-rays into visible light. The light 



is then detected by a Si photodiode. The re- 
sulting electrical current is amplified and 
converted into a digital signal. Key require- 
ments for a suitable detector material are 
good detection efficiency, i.e., high atomic 
number, and very short afterglow time to 
enable the fast gantry rotation speeds that 
are essential for ECG-gated cardiac imag- 
ing. 

A CT detector must provide different 
slice widths to adjust the optimum scan 
speed, longitudinal resolution and image 
noise for each application. For the 4-slice 
CT systems introduced in 1998, two detec- 
tor types have been commonly used. The 
fixed array detector consists of detector 
elements with equal sizes in the longitu- 
dinal direction. A representative example 
of this scanner type, the GE Lightspeed 
scanner, has 16 detector rows, each of them 
defining a 1.25-mm collimated slice width 
in the center of rotation [7,9,21]. The total 
coverage in the longitudinal direction is 
20 mm at the isocenter; due to geometrical 
magnification the actual detector is about 
twice as wide. In order to select different 
slice widths, several detector rows can be 
electronically combined to a smaller num- 
ber of slices according to the selected beam 
collimation and the desired slice width. 
The following slice widths (measured at the 
isocenter) are thus realized: 4x1.25 mm, 
4x2.5 mm, 4x3.75 mm, 4x5 mm (see 
Fig. 1.2, top left). The same detector design 
is used for the 8-slice version of this system, 
providing 8xl.25-mm and 8x2.5-mm col- 
limated slice width. 

A different approach uses an adaptive 
array detector design, which comprises de- 
tector rows with different sizes in the longi- 
tudinal direction. Scanners of this type, the 
Philips Mx8000 4-slice scanner and the Sie- 
mens SOMATOM Sensation 4 scanner, for 
example, have eight detector rows [6] . Their 
widths in the longitudinal direction range 
from 1 to 5 mm (at the isocenter) and allow 
for the following collimated slice widths: 
2x0.5 mm, 4x1 mm, 4x2.5 mm, 4x5 mm, 
2x8 mm and 2x10 mm (see Fig. 1.2, top 
center). 

The established 16-slice CT systems have 
adaptive array detectors in general. A rep- 
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Fig. 1.2. Examples of fixed array detectors and adaptive array detectors used in commercially avail- 
able 4-slice, 16-slice, and 64-slice CT systems 



resentative example for this scanner type, 
the Siemens SOMATOM Sensation 16 scan- 
ner, uses 24 detector rows [16]. The 16 cen- 
tral rows define a 0.75 -mm collimated slice 
width at the isocenter, the four outer rows 
on both sides define 1.5 -mm collimated 
slice width (see Fig. 1.2, top right). The to- 
tal coverage in the longitudinal direction 
is 24 mm at the isocenter. By appropriate 
combination of the signals of the individu- 
al detector rows, either 12 or 16 slices with 
0.75- or 1.5-mm collimated slice widths can 
be acquired simultaneously. The GE Light- 
speed 16 scanner uses a similar design, 
which provides 16 slices with either 0.625- 
mm or 1.25-mm collimated slice widths. 
The total coverage in the longitudinal di- 
rection is 20 mm at the isocenter. Yet an- 
other design, which is implemented in the 
Toshiba Aquilion scanner, allows the use of 
16 slices with either 0.5-, 1- or 2-mm colli- 
mated slice widths, with a total coverage of 
32 mm at the isocenter. 

In 2004, MSCT systems providing more 
than 16 slices were introduced. The Sie- 
mens SOMATOM Sensation 64 scanner has 
an adaptive array detector with 40 detector 
rows [22]. The 32 central rows define 0.6- 
mm collimated slice widths at the isocen- 
ter and the four outer rows on both sides 



define 1.2-mm collimated slice widths (see 
Fig. 1.2, bottom left). The total coverage at 
the isocenter in the longitudinal direction 
is 28.8 mm. Using a periodic motion of the 
focal spot in the z-direction (z-flying focal 
spot), two subsequent 32-slice readings with 
0.6-mm collimated slice widths are slightly 
shifted in the z-direction and combined 
to one 64-slice projection with a sampling 
distance of 0.3 mm at the isocenter. With 
this technique, 64 overlapping 0.6-mm 
slices per rotation are acquired. Alterna- 
tively, 24 slices with 1.2-mm slice widths 
can be obtained. Toshiba, Philips and GE 
use fixed array detectors for their systems. 
The Toshiba Aquilion scanner has 64 de- 
tector rows with a collimated slice width of 
0.5 mm. By appropriate combination of the 
signals of the individual detectors, 64 slices 
with 0.5-mm slice widths or 32 slices with 1- 
mm slice widths can be acquired simultane- 
ously. The total z- coverage at the isocenter 
is 32 mm. Both the GE VCT scanner and the 
Philips Brilliance 64 have 64 detector rows 
with a collimated slice width of 0.625 mm, 
enabling the simultaneous read-out of 64 
slices (see Fig. 1.2, bottom right) with a 
total coverage of 40 mm in the longitudi- 
nal direction. As a representative example, 
Fig. 1.3 shows a picture of a detector module 
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of the SOMATOM Sensation 64. Each mod- 
ule consists of 40x16 detector pixels and the 
corresponding electronics. The antiscatter 
collimators are diagonally cut to open the 
view on the detector ceramics. 



1.2.2 Multislice Spiral CT Scan 
and Image Reconstruction 
Techniques 

With the advent of MSCT, axial "step-and- 
shoot" scanning has remained in use for 
only few clinical applications, such as head 
scanning, high-resolution lung scanning, 
perfusion CT and interventional applica- 
tions. A detailed theoretical description 
to predict the performance of MSCT in 
sequential mode can be found in [23]. Spi- 
ral/helical scanning is the method of choice 
for the vast majority of all MSCT examina- 
tions. 




Fig. 1.3. Detector module of a commercially 
available MSCT scanner (SOMATOM Sensation 
64, Siemens, Forchheim, Germany). Each mod- 
ule consists of 40x16 detector pixels with the 
corresponding electronics. The antiscatter col- 
limators are diagonally cut to open the view on 
the detector ceramics {yellow) 



Basic Parameters: 
Definition of Pitch and Dose 

An important parameter to characterize a 
spiral/helical scan is the pitch. According 
to International Electrotechnical Commis- 
sion (IEC) specifications [24], the pitch p is 
given by 

p = table feed per rotation/ (1.1) 

total width of the collimated beam. 

This definition holds for single-slice CT 
as well as for MSCT. It shows whether data 
acquisition occurs with gaps (p>l) or with 
overlap (p<l) in the longitudinal direction. 
With 4xl-mm collimation and a table feed 
of 6 mm/rotation, the pitch is p = 6/(4x1) 
= 6/4 = 1.5. With 16x0.75-mm collima- 
tion and a table feed of 18 mm/rotation, 
the pitch is also p = 18/(16x0.75) = 18/12 = 
1.5. In the early days of 4-slice CT, the term 
volume pitch had been additionally intro- 
duced, which accounts for the width of one 
single slice in the denominator. For the sake 
of clarity and uniformity, the volume pitch 
should no longer be used. 



In CT the average dose in the scan plane 
is best described by the weighted com- 
puterized tomographic dose index CTDI W 
[25,26], which is determined from CTDIioo 
measurements both in the center and at the 
periphery of a 16-cm lucite phantom for 
head and a 32-cm lucite phantom for body. 
For the CTDI 10 o measurements a 100-mm 
long ionization chamber is used. CTDI W is 
defined according to the following equa- 
tion [25]: 



CTDI W = 1/3 CTDIioo (center) + 
2/3 CTDIioo (periphery). 



(1.2) 



CTDI W , given in mGy, is always measured 
in an axial scan mode. It depends on scan- 
ner geometry, slice collimation and beam 
prefiltration as well as on X-ray tube volt- 
age, tube current (mA) and gantry rotation 
time (t rot ). The product of mA and t rot is the 
mAs-value of the scan. To obtain a param- 
eter characteristic for the scanner used, it 
is helpful to eliminate the mAs-dependence 
and to introduce a normalized (CTDI w ) n 
given in mGy/mAs: 
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CTDI W = mA x t rot x (CTDI w ) n = (1.3) 

mAs x (CTDI w ) n . 

CTDI W is a measure for the dose in a single 
axial scan. (CTDI w ) n still depends on X-ray 
tube voltage and on slice collimation. Scan 
protocols for different CT-scanners should 
always be compared on the basis of CTDI W 
and never on the basis of mAs, since differ- 
ent system geometries can lead to signifi- 
cant differences in the radiation dose that 
is applied at identical mAs. 

To represent the dose in a spiral scan, it 
is essential to account for gaps or overlaps 
between the radiation dose profiles from 
consecutive rotations of the X-ray source 
[25]. For this purpose CTDI vo i, the volume 
CTDI W , has been introduced: 



CTDI vo i = 1/p x CTDI W = 
mAs x 1/p x (CTDI w ) n = 
mA x t rot x 1/p x (CTDI w ) n . 



(1.4) 



radiation risk associated with a CT ex- 
amination. For this purpose the concept 
of "effective dose" has been introduced by 
the International Commission on Radia- 
tion Protection (ICRP). The effective dose 
is given in mSv. It is a weighted sum of the 
dose applied to all organs in a CT examina- 
tion and includes both direct and scattered 
radiation. The weighting factors depend on 
the biological radiation sensitivities of the 
respective organs. The effective dose can be 
measured using whole body phantoms such 
as the Alderson phantom, or it is derived 
from computer simulations using Monte 
Carlo techniques to determine scattered ra- 
diation. The effective patient dose depends 
on the scanned range. For a comparison of 
effective dose values for different protocols, 
the scan ranges should be similar. 



Short Review of Single-Slice Spiral CT 



The factor \lp accounts for the increasing 
dose accumulation with decreasing spiral 
pitch due to the increasing spiral overlap. 
In principle, Eq. 1.4 holds for single-slice 
CT as well as for MSCT. Some manufactur- 
ers, such as Siemens, have introduced an 
"effective" mAs concept for spiral scan- 
ning, which includes the factor 1/p into the 
mAs definition: 



(mAs)eff = mA x t ro t X 1/p : 
mAs x 1/p. 



(1.5) 



For spiral scans, (mAs) e ff is indicated on 
the user interface. Inserting Eq. 1.5 into 
Eq. 1.4, the dose of a multislice spiral scan 
is simply given by 



CTDI V oi = (mAs)eff x (CTDI w ) n . 



(1.6) 



Some other manufacturers, such as Toshi- 
ba and GE, stay with the conventional mAs 
definition, and the user must perform the 
1/p correction himself. When comparing 
the scan parameters for CT systems of dif- 
ferent manufacturers, the underlying mAs 
definition has to be considered. 

CTDI W is a physical dose measure; it 
does not provide full information on the 



Spiral CT requires an interpolation of the 
acquired measurement data in the longitu- 
dinal direction to estimate a complete CT 
data set at the desired plane of reconstruc- 
tion. The most commonly used single-slice 
spiral interpolation schemes are the 360° 
and 180° linear interpolations (360° LI and 
180° LI). In spiral CT, z-axis resolution 
is not only determined by the collimated 
slice-width s co ii as in axial scanning, but by 
the effective slice width 5, which is estab- 
lished in the spiral interpolation process. 
Usually, s is defined as the full width at half 
maximum (FWHM) of the slice sensitivity 
profile (SSP). For both 360° LI and 180° LI 
s increases with increasing pitch and lon- 
gitudinal resolution degrades (Fig. 1.4). 
This is a consequence of the increasing lon- 
gitudinal distance of the projections used 
for spiral interpolation. The image noise 
in single-slice spiral CT is independent of 
the pitch, if the tube current (mA) is kept 
constant and patient dose decreases with 
increasing pitch. 

In clinical practice, single-slice spiral 
CT scanning is almost exclusively based on 
180° LI due to the narrower SSP of this al- 
gorithm, despite its increased susceptibility 
to artifacts and increased image noise. For 
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Fig. 1.4. FWHM of the spiral SSP as a function of the pitch for the two most commonly used single- 
slice spiral interpolation approaches, 180° LI and 360° LI. For both, the slice significantly broadens 
with increasing pitch. As a consequence, multiplanar reformats of a spiral z-resolution phantom 
scanned with 2-mm collimation (180° LI) show increased blurring of the 1.5-mm and 2-mm cylinders 
with increasing pitch 



the same mAs, image noise is about 15% 
higher than in axial mode. With single- 
slice CT, scanning at higher pitch is often 
used to reduce patient dose at the expense 
of slice broadening - if the collimation is 
kept constant - and increased spiral arti- 
facts. For CTA applications in particular it 
is more favorable to scan a given volume in 
a given time using narrow collimation at 
high pitch than using wider collimation at 
low pitch [27]. 



The Cone Angle Problem in MSCT 

Two-dimensional image reconstruction 
approaches used in commercially available 
single-slice CT scanners require all mea- 
surement rays that contribute to an image 



to run in a plane perpendicular to the pa- 
tient's longitudinal axis. In MSCT systems 
this requirement is violated; the measure- 
ment rays are tilted by the so-called cone 
angle with respect to the center plane. The 
cone angle is largest for the slices at the 
outer edges of the detector and it increases 
with an increasing number of detector rows 
if their width is kept constant. As a first ap- 
proximation, the cone angle is neglected 
in MSCT reconstruction approaches and 
modified two-dimensional image recon- 
struction algorithms are used. The data, 
however, are then inconsistent, which pro- 
duces cone-beam artifacts at high-contrast 
objects such as bones. It has been demon- 
strated that cone-beam artifacts can be 
tolerated if the maximum number M of 
simultaneously acquired slices does not 
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significantly exceed M=4 [28]. As a con- 
sequence, the image reconstruction ap- 
proaches of all commercially available CT 
systems with four slices and of some with 
even more slices neglect the cone angle of 
the measurement rays. 



180° and 360° Multislice Linear 
Interpolation and z-Filtering 

The 360° LI and 180° LI single-slice spi- 
ral reconstruction approaches can be ex- 
tended to multislice spiral scanning in a 
straightforward way [21,29,30]. Both 360° 
MLI and 180° MLI are characterized by a 
projection-wise linear interpolation be- 
tween two rays on either side of the image 
plane. The cone angle of the measurement 
rays is not taken into account. In general, 
scanners relying on 180° MLI or 360° MLI 
techniques and extensions thereof provide 
selected discrete pitch values to the user, 
such as 0.75 and 1.5 for 4-slice scanning 
[21] or 0.5625, 0.9375, 1.375 and 1.75 for 16- 
slice scanning [30]. This is a consequence 
of the complicated sampling patterns 
along the z-axis (see Fig. 1.5). The user has 
to be aware of pitch-dependent effective 
slice widths s. For low-pitch scanning (at 
p=0.75 using four slices and at p=0.5625 
or 0.9375 using 16 slices), s~s co ii and for a 
collimated 1.25-mm slice the resulting ef- 
fective slice width stays at 1.25 mm. The 



narrow SSP, however, is achieved by a 180° 
MLI reconstruction using conjugate inter- 
polation at the price of increased image 
noise [21,30]. For high-pitch scanning (at 
p=1.5 using four slices and at p=1.375 or 
1.75 using 16 slices), s~1.27s co n and a colli- 
mated 1.25-mm slice results in an effective 
1.5-1.6-mm slice. To obtain the same im- 
age noise as in an axial scan with the same 
collimated slice width, 0.73-1.68 times the 
dose, depending on the spiral pitch, is re- 
quired, with the lowest dose at the high- 
est pitch [30]. Scanners offering discrete 
optimized pitch values based on 180° MLI 
and 360° MLI techniques are comparable 
to single-slice CT systems in some core 
aspects: at high pitch the slice widens and 
longitudinal resolution degrades. At low 
pitch the narrowest possible SSP (compa- 
rable to 180° LI single-slice CT at pitch 1) 
can be obtained, but a higher dose is neces- 
sary to maintain the signal-to-noise ratio. 
Thus, when selecting the scan protocol for 
a particular application, scanning at low 
pitch optimizes image quality and longitu- 
dinal resolution at a given collimation, yet 
at the expense of increased patient dose. To 
reduce patient dose, either the mA settings 
should be reduced at low pitch or high pitch 
values should be chosen. 

In a z-filter multislice spiral reconstruc- 
tion [29,31] the spiral interpolation for each 
projection angle is no longer restricted to 
the two rays in closest proximity to the im- 
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Fig. 1.6. Using z-filtering, images with different slice widths can be retrospectively reconstructed 
from the same CT raw-data. Left: SSPs for 4x1 -mm collimation (SOMATOM Sensation 4, Siemens, 
Forchheim, Germany): 1-mm, 1.25-mm, 1.5-mm, 2-mm, 3-mm, 4-mm, and 5-mm slice width, not 
shown are the SSPs for 6-mm, 7-mm, 8-mm, and 10-mm slice width. Right: SSPs of the 3-mm slice for 
4x1 mm and 4x2. 5-mm collimation. The FWHM is equal, but the profile is more rectangular for the 
narrow collimation (4x1 mm) 



age plane. Instead, all direct and comple- 
mentary rays within a selectable distance 
from the image plane contribute to the 
image. Still, the cone angle is neglected. 
A representative example for a z-filter ap- 
proach is the adaptive axial interpolation 
(AAI) [29] implemented in Siemens CT 
scanners. Another example is the MUS- 
COT algorithm [31] used by Toshiba, z-fil- 
tering allows the system to tradeoff z-axis 
resolution (SSP) with image noise (which 
directly correlates with required dose). 
From the same CT raw data, images with 
different slice widths can be retrospective- 
ly reconstructed (see Fig. 1.6). Only slice 
widths equal to or larger than the sub- 
beam collimation can be obtained. With 
AAI, the spiral pitch is freely selectable in 
the range of 0.5 to 2 and the effective slice 
width is kept constant for all pitch values 
[6,29,32]. Therefore, longitudinal resolu- 
tion is independent of the pitch, deviating 
from single-slice spiral CT and from MSCT 
relying on 180° MLI and 360° MLI [21,30]. 
Figure 1.7 shows SSPs of the SOMATOM 
Sensation 4 (2-mm slice for 4xl-mm col- 



limation) and MPRs of a spiral z-resolu- 
tion phantom for selected pitch values. As 
a consequence of the pitch-independent 
spiral slice width, the image noise for fixed 
effective mAs (see Basic Parameters above) 
is nearly independent of the spiral pitch - 
different from 180° MLI and 360° MLI. For 
a 1.25-mm spiral slice width reconstructed 
from 4xl-mm collimation, 0.61-0.69 times 
the dose is required to maintain the image 
noise of an axial scan at the same colli- 
mation [32]. Radiation dose, too, is inde- 
pendent of the spiral pitch and equals the 
dose of an axial scan with the same mAs. 
Thus, different from single-slice spiral CT, 
changing the pitch does not change the pa- 
tient dose. Accordingly, using higher pitch 
does not result in dose saving, which is an 
important practical consideration with CT 
systems relying on AAI and the effective 
mAs concept. 

With regard to image quality, narrow 
collimation is preferable to wide collima- 
tion, due to better suppression of partial 
volume artifacts and a more rectangular 
SSP (see Fig. 1.6), even if the pitch has to 
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Fig. 1.7. Adaptive Axial Interpolation for a 4-slice CT-system (SOMATOM Sensation 4, Siemens, 
Forchheim, Germany): SSP of the 2-mm slice (for 4x1-mm collimation) at selected pitch values. The 
functional form of the SSP, and hence the slice width, is independent of the pitch. Consequently, 
multiplanar reformats of a spiral z-resolution phantom scanned with 2-mm slice width show clear 
separation of the 1.5-mm and 2-mm cylinders for all pitch values (compare with Fig. 1.4) 



be increased for equivalent volume cov- 
erage. Similar to single-slice spiral CT, 
narrow collimation scanning is the key to 
reducing artifacts and improving image 
quality. Best suppression of spiral artifacts 
is achieved by using both narrow collima- 
tion relative to the desired slice width and 
reducing the spiral pitch. In general, chal- 
lenging clinical protocols, such as exami- 
nations of the spine and skull base, rely on 
a combination of narrow collimation and 
low pitch. 

Some manufacturers who use z-filter 
approaches do not provide completely free 
selection of the spiral pitch, but recom- 
mend a selection of fixed pitch values that 
are aimed at optimizing the z-sampling 
scheme and reducing spiral artifacts, such 
as 0.625, 0.75, 0.875, 1.125, 1.25, 1.375, and 
1.5 for 4-slice scanning (MUSCOT algo- 
rithm [31]). 



Cone-Beam Reconstruction: 

3D Backprojection and Adaptive Multiple 

Plane Reconstruction 

For CT scanners with 16 and more slices, 
modified reconstruction approaches ac- 
counting for the cone-beam geometry of 
the measurement rays have to be consid- 
ered. Some manufacturers (Toshiba, Phil- 
ips) use a 3D-filtered back-projection re- 
construction [33-37]. With this approach, 
the measurement rays are back-projected 
into a 3D volume along the lines of mea- 
surement, this way accounting for their 
cone-beam geometry. Other manufactur- 
ers use variations and extensions of nutat- 
ing slice algorithms [38-42], which split 
the 3D reconstruction task into a series of 
conventional 2D reconstructions on tilted 
intermediate image planes. Representative 
examples are the adaptive multiple plane 
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Fig. 1.8. Schematic diagram illustrating the adaptive multiple plane reconstruction. Left: depend- 
ing on the spiral pitch the multislice raw data are divided into overlapping segments. As an inter- 
mediate step, a variety of partial images on double oblique image planes is calculated, which are 
individually adapted to the spiral path and to the multislice detector geometry and fan out like the 
pages of a book. Right: the final images are obtained by a longitudinal interpolation (z-interpolation) 
between the tilted partial image planes, similar to a multiplanar reformation. 




Fig. 1.9. Axial slice (fop) and MPR {bottom) of a pelvis phantom scanned with a 16-slice CT-system, 
16x1. 5-mm collimation, 2-mm reconstructed slice width, 0.5-s rotation time, a pitch of 1.0, i.e., a 
table feed of 48 mm/s. Left: conventional multislice spiral reconstruction neglecting the cone angle 
of the measurement rays. Cone-beam artifacts are indicated by arrows. Right: AMPR. Cone-beam 
artifacts are effectively reduced 



reconstruction (AMPR) used by Siemens 
[43,44] and the weighted hyperplane recon- 
struction (WHR) proposed by GE [45,46]. 



The AMPR approach delivers high 
quality images at optimum dose usage for 
a wide range of pitch values. As an inter- 
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Fig. 1.10. Schematic drawing of a rotating en- 
velope X-ray tube (Siemens STRATON, Forch- 
heim, Germany) with z-flying focal spot technol- 
ogy. The entire tube housing rotates in an oil 
bath. The anode plate is in direct contact with 
the cooling oil to improve heat dissipation. The 
central cathode rotates as well, and continu- 
ous electromagnetic deflection of the electron 
beam is needed to control the position and the 
shape of the focal spot. The electromagnetic 
deflection unit is used to wobble the focal spot 
between two different positions on the anode 
plate (indicated by two asterisks). Due to the 
anode angle of typically 7-9° this translates into 
a motion both in the radial direction and in the 
z-direction 



mediate step, partial images on double 
oblique image planes are calculated, which 
are individually adapted to the spiral path 
and to the multislice detector geometry 
and fan out like the pages of a book (see 
Fig. 1.8a). The final images with full-dose 
utilization are obtained by an appropri- 
ate longitudinal interpolation between the 
tilted partial image planes, similarly to a 
multiplanar reformation (Fig. 1.8b). The 
shape and the width of the interpolation 
function are freely selectable, different 
SSPs and hence different slice widths for 
retrospective reconstruction can there- 
fore easily be adjusted similarly to z-filter 
approaches. Figure 1.9 shows images of a 
pelvis phantom scanned with 16x1. 5-mm 
collimation, 0.5 s gantry rotation time, and 
a pitch p=l, corresponding to a table feed 
of 48 mm/s, on the left side for a recon- 
struction neglecting the cone angle of the 
measurement rays and on the right side for 
AMPR. The conventional approach leads 
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Fig. 1.11. Principleof improved z-sampling with 
the z-flying focal spot technique. Due to a peri- 
odic motion of the focal spot in the z-direction 
two subsequent M slice readings are shifted by 
half a collimated slice-width s co n/2 at isocenter 
and can be interleaved to one 2/W slice projec- 
tion. Improved z-sampling is not only achieved 
at the isocenter, but maintained in a wide range 
of the SFOV. The simultaneous radial motion of 
the focal spot in an actual X-ray tube has been 
omitted to simplify the drawing 



to severe artifacts and geometrical distor- 
tions of high-contrast objects (left). Cone 
artifacts are considerably reduced with the 
AMPR algorithm and the spatial integrity 
of the objects is restored (right). 

Multislice spiral scanning using AMPR 
in combination with the effective mAs 
concept is characterized by the same key 
properties as AAI, which can be directly 
derived using the methods presented in the 
180° and 360° Multislice Linear Interpola- 
tion and z-Filtering section above. Thus, all 
recommendations regarding the selection 
of collimation and pitch that have been dis- 
cussed for AAI also apply to AMPR. In par- 
ticular, changing the pitch does not change 
the radiation exposure to the patient, and 
using higher pitch does not result in dose 
saving. Narrow collimation scanning 
should be performed whenever possible. 
With 16x0.75-mm collimation, 1-mm slice 
width is recommended as the most suitable 
tradeoff between longitudinal resolution, 
image noise and artifacts when thin slices 
are reconstructed as an input for 3D post- 
processing, such as MPR, MIP or VRT. 
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Fig. 1.12. MPRs of a z-resolution phantom (high-resolution insert of the CATPHAN, the Phantom 
Laboratories, Salem, NY, turned by 90°) for pitch 0.55, 0.95 and 1.45, scanned with a MSCT system 
with double z-sampling (SOMATOM Sensation 64, Siemens, Forchheim, Germany). Scan data has 
been acquired with 32x0.6-mm collimation in a 64-slice acquisition mode using the z-flying focal 
spot and reconstructed with the narrowest slice width (nominal 0.6 mm) and a sharp body kernel 
(B70). a z-resolution phantom positioned at the isocenter. Independent of the pitch all bar-patterns 
up to 15 Ip/cm can be visualized, corresponding to 0.33 mm longitudinal resolution, b z-resolution 
phantom positioned 100 mm off-center (pitch 0.95). Longitudinal resolution is only slightly degrad- 
ed (14 Ip/cm, corresponding to 0.36 mm) 



Double z-Sampling 

The double z-sampling concept for mul- 
tislice spiral scanning makes use of peri- 
odic motion of the focal spot in the longitu- 
dinal direction to improve data sampling 
along the z-axis [20,22]. By continuous 
electromagnetic deflection of the electron 
beam in a rotating envelope X-ray tube, the 
focal spot is wobbled between two differ- 
ent positions on the anode plate. Due to the 
anode angle of typically 7-9° this trans- 
lates into a motion both in the radial direc- 
tion and in the z-direction (Fig. 1.10). The 
radial motion is a side-effect that must be 
taken care of by the image reconstruction 
algorithms. The amplitude of the period- 
ic z-motion is adjusted in a way that two 
subsequent readings are shifted by half a 
collimated slice width in the patient's lon- 
gitudinal direction (Fig. 1.11). Therefore, 
the measurement rays of two subsequent 
readings with collimated slice-width s co n 
interleave in the z- direction, and every two 
M-slice readings are combined into one 
2M-slice projection with a sampling dis- 
tance of s co n/2. 



The SOMATOM Sensation 64 (Siemens, 
Forchheim, Germany) as an example of a 
MSCT system relying on double z-sampling 
has a detector that provides 32 collimated 
0.6-mm slices (see Sect. 1.2.1). Two subse- 
quent 32-slice readings are combined into 
one 64-slice projection with a sampling dis- 
tance of 0.3 mm at the isocenter. Thus, 64 
overlapping 0.6-mm slices per rotation are 
acquired. The sampling scheme is similar 
to that of a 64x0. 3-mm detector, and the 
AMPR algorithm is used for image recon- 
struction. Double z-sampling provides a 
sampling distance of s co n/2 independent of 
the pitch. The improved sampling along the 
z-direction is not restricted to the isocen- 
ter, but is maintained in a wide range of the 
SFOV. As a consequence, spatial resolution 
in the logitudinal direction is increased, 
and objects <0.4mm in diameter can be 
routinely resolved at any pitch (Fig. 1.12). 
Another benefit of double z-sampling is the 
suppression of spiral "windmill" artifacts 
at any pitch (Fig. 1.13). In contrast to con- 
ventional MSCT scan and reconstruction 
approaches, spiral image quality is largely 
independent of the pitch. Using conven- 
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Fig. 1.13. Reduction of spiral artifacts with double z-sampling./.e/T: head scan acquired with 32x0.6 
collimation in a 64-slice acquisition mode with z-f lying focal spot at pitch 1.5. Right: same scan, us- 
ing only one focus position of the z-f lying focal spot for image reconstruction. Due to the improved 
longitudinal sampling with z-flying focal spot {left) spiral interpolation artifacts (windmill structures 
at high contrast objects) are suppressed without degradation of z-axis resolution 










Fig. 1.14. Case study illustrating interactive viewing of volume data with a 4-slice CT system (4x1- 
mm collimation, pitch 2, reconstructed slice-width 1.25 mm). Top: axial images show the central 
thrombosis of the right subclavian vein. Bottom: MIP images show different views of the filiform ste- 
nosis of the right brachiocephalic vein proximal to the confluence of the superior cava vein (courtesy 
of M. Lell, University of Erlangen, Germany) 
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tional MSCT systems, demanding applica- 
tions, such as neuroscanning, require low 
pitch protocols to reduce artifacts and to 
improve image quality. The z-flying focal 
spot technique maintains a low artifact 
level up to pitch 1.5, thus increasing the 
maximum volume coverage speed that can 
be used clinically. 



1.3 Applications 

1.3.1 Standard Applications 

Clinical applications benefit from MSCT 
technology in several ways [6,9,16,32]: 

• Shorter scan time (important for trauma 
victims, patients with limited ability to 
cooperate, pediatric cases, multiphase 
exams and CT angiography (CTA)) 

• Extended scan range (important for 
CTA or combined chest-abdomen-pel- 
vis scans such as in oncological staging) 

• Improved longitudinal resolution (bene- 
ficial for all reconstructions, in particu- 
lar when 3D postprocessing is part of the 
clinical protocol) 

Most protocols can benefit from a com- 
bination of these advantages. The wide 
availability of 4-slice CT systems started to 
change the way radiologists think about CT 
imaging and paved the way for CT from a 
cross-sectional slice modality to a volume 
imaging modality. In many applications, 
narrow collimation data is recommended 
independently from the desired slice width 
for primary viewing. In practice, two dif- 
ferent slice widths are commonly recon- 
structed by default: thick slices for filming 
and thin slices for 3D postprocessing and 
evaluation (please also refer to the indi- 
vidual protocols). The image noise in close- 
to-isotropic high resolution volumes can 
be limited by making use of thick MPRs 
or thick MIPs. In this way, images with the 
desired slice-width can be obtained in arbi- 
trary directions. As a consequence, the dis- 
tinction between longitudinal and in-plane 
resolution is gradually becoming a histori- 
cal remnant, and the traditional axial slice 



is loosing its clinical predominance. It is re- 
placed by interactive viewing and manipu- 
lation of volume images, with only the key 
slices or views in arbitrary directions used 
for filming or stored for a demonstration 
of the diagnosis. Figure 1.14 shows an ex- 
ample of a thorax study on a 4-slice CT-sys- 
tem that has been diagnosed interactively. 
Please note that MPRs and oblique MIPs 
are of similar resolution as the original 
axial images. 

Meanwhile, 16-slice CT systems have 
been established in clinical practice, and 
isotropic submillimeter coverage of ex- 
tended anatomical ranges has become the 
clinical standard for many applications. 
Clinical practice suggests the potential of 
16-slice CTA to replace noninterventional 
catheter angiography in the evaluation of 
carotid artery stenosis [47]. For patients 
with suspicion of ischemic stroke both the 
status of the vessels supplying the brain 
and the location of the intracranial occlu- 
sion can be assessed in the same examina- 
tion [48]. Additional brain perfusion CT 
permits differentiation of irreversibly dam- 
aged brain tissue from reversibly impaired 
tissue at risk [49]. Examining the entire 
thorax (350 mm) with submillimeter col- 
limation requires a scan time of approxi- 
mately 11 s. Due to the short breath hold 
time, central and peripheral pulmonary 
embolism can be reliably and accurately 
diagnosed [50,51]. Sixteen-slice CT en- 
ables whole body angiographic studies with 
submillimeter resolution in a single breath 
hold. Compared to invasive angiography, 
the same morphological information is re- 
vealed [52,53] (see Fig. 1.15 for an example 
of a patient with Leriche-syndrome). 

Insufficient volume coverage speed, 
which was a serious problem in the days 
of single-slice CT [5], only rarely becomes 
a limiting factor with 16-slice CT. Clinical 
progress from further technical develop- 
ment of MSCT can more likely be expected 
from improvements in spatial and temporal 
resolution rather than from a mere increase 
in the volume-coverage speed. The new 
concept of double z-sampling implemented 
in some of the recently introduced 64-slice 
CT-systems allows for a pitch-independent 
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Fig. 1.15. Case study illustrating the clinical performance of 16-slice CT: patient with occlusion of 
the left common iliac artery. Scan parameters: 16x0.75-mm collimation, reconstructed slice-width 
1 mm, 0.5 s gantry rotation time (courtesy of M. Heuschmid and A. Kuttner, University of Tubingen, 
Germany) 



increase of longitudinal resolution and 
suppression of spiral artifacts. Isotropic 
submillimeter CTAs of the carotid arteries 
and the circle of Willis with a scan range of 
350 mm require 5-6 s scan time with these 
systems, hence they can be acquired in the 
purely arterial phase (see the example in 
Fig. 1.16). The entire thorax (350 mm) can 
be scanned in about 6 s, facilitating the ex- 
amination of emergency patients, e.g., with 
suspicion of acute pulmonary embolism. 
Early experience in neuro-CT has already 
demonstrated a substantial improvement 
in spatial resolution and artifact level made 
possible by the double z-sampling concept 
for MSCT systems [54]. 



1.3.2 Special Applications 

Cardiac CT 

One of the most exciting new applications 
of multislice CT is the ability to image the 
heart. Increased rotation speed combined 
with dedicated ECG-synchronized recon- 



struction algorithms effectively allow one 
to freeze the heart motion [13,55,56]. The 
details of this new technique have been dis- 
cussed extensively in several recent publi- 
cations [57-59] so we restrict this section to 
a brief overview. 

One important application of cardiac CT 
is the quantitative evaluation of coronary 
calcification as a risk indicator in non- 
symptomatic patients, which previously 
was a domain of electron beam CT (EBT) 
technology. Studies have shown that ECG- 
gated spiral imaging with reconstruction of 
overlapping images can significantly reduce 
inter-scan variability [60]. Good repeat- 
ability of the quantitative measurements 
is a prerequisite for longitudinal studies, 
such as controlling the same individual 
for effectiveness of medication. Advanced 
software platforms allow assessment of the 
established Agatston score as well as other 
score values, such as equivalent lesion vol- 
ume and total calcified plaque burden in 
terms of absolute calcium mass, based on 
scanner-specific calibration [60, 61]. The 
mass score in particular has the potential 
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Fig. 1.16. Case study illustrating the clinical per- 
formance of 64-slice CT with z-flying focal spot: 
CTA of the carotid arteries and the circle of Willis. 
Scan parameters: 120 kV, 150 eff. mAs, 64x0.6- 
mm slice acquisition, reconstructed slice-width 
0.6 mm, 0.375-s gantry rotation time, pitch 1.4, 
scan time 6 s for 350 mm. The arrow indicates 
a severe stenosis (courtesy of M. Lell and K. An- 
ders, University of Erlangen, Germany) 



to increase the accuracy, consistency, and 
reproducibility of coronary calcium assess- 
ment [61]. 

With four simultaneously acquired slic- 
es, coverage of the entire heart with thin 
slices (1 mm/1.25 mm) and ECG-gating 
within a single breath hold became fea- 
sible, enabling noninvasive visualization 
of the coronary arteries [15,56,62,63]. Due 
to the improved signal-to-noise ratio when 
compared to EBT and the better longitu- 
dinal resolution, the initial clinical stud- 
ies demonstrated MSCT's potential to not 
only detect but to some degree character- 
ize noncalcified plaques in the coronary 
arteries based on their CT attenuation 
[64,65]. Despite all promising advances, 
challenges and limitations with respect to 
motion artifacts in patients with higher 
heart rates, limited spatial resolution and 
long breath hold times remain for 4-slice 
cardiac CT. 



Sixteen-slice MSCT systems with gan- 
try rotation times down to 0.375 s have 
improved spatial and temporal resolution, 
while examination times have been con- 
siderably reduced: the entire heart volume 
can be covered with submillimeter slices 
in 15-20 s [17,44]. Sixteen-slice systems 
have been used to establish ECG-triggered 
or ECG-gated MSCT examinations of the 
heart and the coronary arteries in clinical 
practice. Detection and characterization 
of coronary plaques, even in the presence 
of severe calcifications benefit from the 
increased robustness of the technology. A 
study of coronary CTA with a 16-slice sys- 
tem in 59 patients demonstrated 86% speci- 
ficity and 95% sensitivity for identifying 
significant coronary artery stenosis. None 
of the patients had to be excluded [18], as 
in previous studies based on less-advanced 
scanner technology. Meanwhile, other in- 
vestigators report similar results [19]. 

The latest generation of 64-slice CT sys- 
tems provides further increased spatial 
resolution (0.4-mm isotropic voxels) and 
improved temporal resolution due to gan- 
try rotation times down to 0.33 s, and will 
be a further leap in integrating coronary 
CTA into routine clinical algorithms. Due 
to the fast volume coverage of these sys- 
tems, ECG-gated examinations of the entire 
thorax for a comprehensive examination of 
patients with acute thorax pain are feasible, 
opening new perspectives for emergency 
care. 

Figure 1.17 shows an example of a coro- 
nary CTA in a follow-up examination and 
demonstrates the improvement in image 
quality from 4 to 64 slices. 



Lung Cancer Screening 
and CT Colonography 

Early detection of lung cancer and CT colo- 
nography are promising applications in the 
field of preventive care. 

Initial studies using CT to detect lung 
cancer at an early stage in a screening pop- 
ulation were published in 1999 [66]. Basic 
system requirements are coverage of the en- 
tire lung in a single breath hold at sufficient 
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Fig. 1.17. Case study comparing ECG-gated cardiac CT with a 4-slice CT system and a 64-slice CT 
system with z-flying focal spot. The follow-up CTA examination demonstrates the improvement in 
spatial resolution with 64 slices (courtesy of C. Becker, Klinikum GroRhadern, Ludwigs-Maximilians 
University Munich, Germany) 



resolution to detect small, suspicious nod- 
ules while keeping the dose at an acceptable 
level. In principle, single-slice CT is able to 
meet these requirements, but clinical work- 
flow improves substantially with MSCT. In 
the ELCAP study [66] , which was performed 
using single-slice CT, suspicious nodules 
were found in about 25% of the screened 
population. These patients received further 
work-up, either monitoring and follow-up 
of small nodules or surgical removal, de- 
pending on various factors. Since accurate 
volume assessment of small nodules re- 
quires high spatial resolution, which was 
not available in the initial screening exami- 
nation due to limited volume coverage, the 
respective patients had to be rescheduled. 
With MSCT the screening examination 
can be done at high resolution, obviating 
the need for rescheduling. With 4xl-mm 
collimation and 0.5 s gantry rotation time, 
the entire thorax (350 mm) can be covered 
in 25-30 s. With 16x0.75-mm collimation, 
the scan time is reduced to about 10 s. The 
use of CT as a screening tool in a healthy 
population at risk for lung cancer requires 



reduction of the patient dose to the lowest 
clinically acceptable level. With 120 kV and 
20 effective mAs, the effective patient dose 
is below 1 mSv, which is less than the natu- 
ral background radiation exposure of half 
a year. 

The ELCAP study has shown that CT 
screening can detect lung cancer signifi- 
cantly earlier than chest X-rays [66]. While 
it has not been proven that CT screening 
for lung cancer reduces mortality, earlier 
detection of lung cancer is commonly con- 
sidered to have a favorable effect on the ef- 
fectiveness of therapy. 

Recently, new software tools have been 
developed that automatically detect suspi- 
cious nodules and can be used as a "second 
reader" to support the radiologist (nodule 
enhanced visualization NEV, Siemens Med- 
ical Solutions, Forchheim, Germany). Ini- 
tial studies have demonstrated higher de- 
tection sensitivity of nodules smaller than 
8 mm in diameter with the help of NEV. 

CT colonography is used to detect sus- 
picious polyps in the colon. Although con- 
troversially discussed, the method has been 
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shown to compare well with conventional 
colonoscopy in detecting polyps with a di- 
ameter of at least 10 mm in a recent study 
[67]. Sixty-eight asymptomatic men at av- 
erage risk underwent CT colonography fol- 
lowed by optical colonoscopy on the same 
day, and a per-patient specificity of 89.7% 
could be obtained for CT colonography 
[67]. A similar study on 1233 asymptom- 
atic adults resulted in sensitivities of 93.8, 
93.9, and 88.7% for the detection of adeno- 
matous polyps at least 10, 8, and 6 mm in 
diameter, respectively. The specificity was 
96.0, 92.2, and 79.6% for the three sizes 
of polyps, respectively. Two polyps in the 
screening population were malignant. Both 
were detected on virtual colonography, but 
one of them was missed on optical colons- 
copy [68]. 

Narrow-collimation scanning (4x1 mm/ 
4x1.25 mm, 16x0.625 mm/16x0.75 mm) 
is the method of choice for CT colonogra- 
phy [69]. While no difference in sensitivity 
could be observed with thick-section recon- 
structions, specificity markedly improved 
with thin sections [70]. Again, the radiation 
dose should be kept as low as possible, e.g., 
by using 120 kV and 120 effective mAs or 40 
effective mAs for the supine or prone scans, 
respectively. Similarly to the early detection 
of lung cancer, new software tools are being 
developed that automatically detect suspi- 
cious polyps and can be used as a second 
reader to support the radiologist (polyp en- 
hanced viewing PEV, Siemens, Forchheim, 
Germany). 
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Owing to its ease of use and its widespread 
availability, general purpose CT continues 
to evolve into the most widely used diag- 
nostic modality for routine examinations, 
especially in emergency situations or for 
oncological staging. CT primarily provides 
morphological information. In combina- 
tion with other modalities, however, func- 
tional and metabolic information can also 
be obtained [1]. Therefore, combined sys- 
tems for obtaining comprehensive struc- 
tural and functional diagnoses will gain 
increasing importance in the near future. 
Major clinical applications of PET/CT so 
far have been oncological staging and the 
search for inflammatory foci. CT can add 
sensitivity to PET, as certain small lesions 
(e.g., lung nodules) may not be visualized 
on PET alone, and PET adds specificity to 
CT because indeterminate lesions seen on 
CT can often be diagnosed unequivocally 
as benign or malignant using PET informa- 
tion [2]. Occult sites of cancer recurrence 
can be identified to guide subsequent treat- 
ment in many patients. If the respective 
CT system is a state-of-the-art MSCT pro- 
viding submillimeter collimation and fast 
gantry rotation, the additional potential 
for comprehensive cardiac examinations is 
opened. While CT delivers morphological 
information about stenoses or plaques in 
the coronaries, PET can add the assessment 
of cardiac function, e.g., by determining 
the hemodynamic relevance of a stenosis. 
The diagnostic benefit of PET/CT for cardi- 
ac applications is currently being evaluated 
[3]. Other potential applications include 
PET/CT guided biopsy or the use of PET/CT 
in radiation therapy planning to reduce the 
irradiated volume. 




Fig. 2.1. Example of a CT scan with enlarged 
FOV of 70 cm achieved by an extrapolation of 
the original CT data. The original SFOV with 50- 
cm diameter is indicated by a circle 



Reconstruction of the CT images in a 
sufficient field of view without truncation 
of anatomical structures (e.g., arms) is a 
prerequisite for adequate attenuation cor- 
rection of the PET images. An enlarged 
FOV of up to 70 cm can be realized by ex- 
trapolation of the measured CT data. Perti- 
nent algorithms can be found, e.g., in [4,5] 
(see Fig. 2.1). 

Figure 2.2 shows sagittal and coronal 
MPRs with superimposed PET images of a 
46-year-old patient with renal cancer, sta- 
tus post nephrectomy and chemotherapy 
(courtesy of Indiana University, Indiana- 
polis, USA). The CT/PET examination iden- 
tified a mediastinal lymph node metastasis 
by increased focal uptake of the FDG tracer 
(arrow), which supports the notion of PET 
scanning as adding a "new contrast agent" 
toCT. 
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Fig. 2.2. Case study illustrating the clinical performance of PET-CT. MPR with superimposed PET 
images of a patient with renal cancer. A mediastinal lymph node metastasis {arrow) is identified by 
increased focal uptake of the FDG tracer (courtesy of Indiana University, Indianapolis, USA) 



Combined CT/SPECT systems are an- 
other promising modality. Potential ap- 
plications are currently being investi- 
gated and range from the localization of 
parathyroid lesions [6] and heterotopic 
splenic tissue [7] and the detection of re- 
current nasopharyngeal carcinomas [8] to 
imaging of aortic prosthesis infection [9]. 
Again, the combination of state-of-the-art 
MSCT systems with SPECT scanners can 
open new potentials for cardiac diagno- 
sis. 

CT virtual simulation is gaining in- 
creasing importance with a more wide- 
spread adoption of three-dimensional 
conformal and intensity modulated ra- 
diation therapy. Using respiratory gating 
of the CT scan, i.e., the correlation of CT 
data acquisition with the breathing curve 
of the patient similar to ECG-gated car- 
diac scanning, 4D tumor motion can be 
evaluated to minimize the irradiated vol- 
ume during radiation therapy, to concen- 
trate the radiation dose in the tumor and 
to save healthy tissue. Figure 2.3 shows an 
example for a CT acquisition with respi- 
ratory gating on a patient with lung me- 
tastases. The VRTs have been obtained 




Fig 2.3. Case study illustrating CT data acquisi- 
tion with respiratory gating. VRTs in end-inspira- 
tion and end-expiration for a patient with lung 
metastases. Metastases attached to the pleura 
{arrow) show significant movement during the 
breathing cycle (courtesy of J. Debus, University 
of Heidelberg, Germany) 



for end-inspiration and end-expiration, 
metastases attached to the pleura (arrow) 
show significant movement during the 
breathing cycle. 

Using general-purpose CT systems with 
gantry openings of typically 70-cm diam- 
eter, some patients, e.g., women with breast 
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cancer, cannot always be scanned in the 
treatment position. These applications, 
along with interventional procedures and 
trauma protocols, will be facilitated by CT 
systems with larger bore [10]. Recently, 
concepts of 4-slice, 16-slice and 40-slice 
CT scanners with bore diameters of up to 
85 cm and reconstruction fields of up to 
82 cm were introduced, owing to image re- 
construction based on data extrapolation. 
These systems will probably gain consider- 
able importance in the near future, in ra- 
diation therapy, in emergency rooms and in 
particular with regard to the dramatically 
increasing number of severely obese pa- 
tients in western societies. 

For general purpose CT, we are currently 
witnessing a further increase in the num- 
ber of simultaneously acquired slices. The 
latest generation of MSCT systems with up 
to 64 simultaneously acquired slices was in- 
troduced in 2004. In contrast to the transi- 
tion from single-slice to 4-slice and 16-slice 
CT clinical performance will improve only 
incrementally with a further increase in 
the number of detector rows. Clinical prog- 
ress can more likely be expected from fur- 
ther improved spatial resolution, enabled, 
e.g., by novel z-sampling schemes, such as 
double z-sampling, and improved temporal 
resolution, enabled by faster gantry rota- 
tion, rather than from an increase in the 
volume coverage speed. In clinical reality 
the latter only rarely becomes a limiting 
factor since the introduction of 16-slice CT. 
As soon as all relevant examinations can be 
performed in a comfortable breath hold of 
not more than 10 s, a further increase of the 
slice number will not provide significant 
clinical benefit. 

The trend towards a larger number of 
slices in the future will therefore not be 
driven by the need to increase scan speed 
in spiral acquisition modes, but rather by 
the desire to increase volume coverage in 
non-spiral dynamic acquisitions, e.g., by 
the introduction of area detectors large 
enough to cover entire organs, such as the 
heart, the kidneys or the brain, in one ax- 
ial scan (-120 mm scan range). With these 
systems, dynamic volume scanning will 
become feasible, opening up a whole spec- 



trum of new applications, such as func- 
tional or volume perfusion studies. Area 
detector technology is currently under de- 
velopment, but no commercially available 
system so far fulfills the requirements of 
medical CT with regard to contrast resolu- 
tion and fast data readout. A scanner with 
256x0.5 mm detector elements has been 
proposed by one manufacturer and ap- 
pears conceptually promising, but has not 
left the prototype stage so far. Prototype 
systems by other vendors use CsI-aSi flat 
panel detector technology, originally used 
for conventional catheter angiography, 
which is limited in low contrast resolution 
and scan speed. Due to the intrinsic slow 
signal decay of flat panel detectors rotation 
times of at least 20 s are needed to acquire 
a sufficient number of projections (> 600). 
Short gantry rotation times < 0.5 s, which 
are a prerequisite for successful examina- 
tion of moving organs such as the heart, 
are therefore still beyond the scope of such 
systems. Spatial resolution is excellent, 
though, due to the small detector pixel size. 
Figure 2.4 shows a prototype setup, where a 
flat panel detector was incorporated into a 
standard CT gantry (SOMATOM Sensation 
16, Forchheim, Germany). The detector 
covers a 25x25x18 cm 3 scan field of view 
and the spatial resolution is approximately 
250x250x250 urn 3 , both measured in the 
center of rotation. With a novel dynamic 
gain-switching mode, low-contrast detect- 
ability has been significantly enhanced. 
Small contrast differences down to 5 HU 
can be differentiated (see the image of a 
low contrast phantom in Fig. 2.5). This is 
an important step on the way towards ex- 
panding the application spectrum of such 
a system from mere high-contrast scan- 
ning to general radiology CT applications. 
Intracranial hemorrhage, for instance, can 
now be reliably detected. 

In preclinical installations, potential 
clinical applications of flat-panel volume 
CT systems are currently being evaluated 
[11-13]. The application spectrum ranges 
from ultrahigh resolution bone imaging 
to dynamic CT angiographic studies and 
functional examinations. Inner ear imag- 
ing can substantially benefit from the in- 
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Fig. 2.4. Prototype setup incorporating a Csl- 
abi flat-panel detector in a standard CT gantry 
(SOMATOM Sensation 16, Siemens, Forchheim, 
Germany) 




Fig. 2.5. Axial scan of a low-contrast phan- 
tom acquired with the flat-panel CT prototype 
shown in Fig. 2.4 demonstrating low contrast 
resolution down to 5 HU, enabled by a novel, dy- 
namic gain-switching mode 



creased spatial resolution (see Fig. 2.6 for 
the example of a scan of an inner ear speci- 
men with a prosthesis of the stapes). Figure 
2.7 shows VRTs of a contrast-filled heart 
specimen demonstrating excellent spatial 
resolution, which enables visualization of 
even very small side branches of the coro- 




Fig.2.6. Multiplanar reformation of an inner ear 
specimen with a stapes prosthesis scanned with 
the flat-panel CT prototype with Csl-aSi detec- 
tor shown in Fig. 2.4. An isotropic resolution of 
0.25 mm 3 enables excellent detail visualization 
(courtesy of R. Gupta, MGH, Boston, USA) 



nary artery tree. Potentially, the lumen of 
small stents in the coronary arteries can 
be evaluated, and in-stent restenosis can 
be reliably detected. Other interesting ap- 
plications for volume CT include dynamic 
CTA examinations, e.g., of the carotids 
and the circle of Willis. Figure 2.8 shows 
an example of a CTA of the head and neck 
of a living rabbit. 

The combination of area detectors that 
provide sufficient image quality with fast 
gantry rotation speeds will be a promising 
technical concept for medical CT systems. 
Yet, a potential increase in spatial resolu- 
tion to the level of flat-panel CT will be as- 
sociated with increased dose demands, and 
the clinical benefit has to be carefully con- 
sidered in the light of the applied patient 
dose. 
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Fig. 2.7. Volume-rendered display of a stationary heart specimen scanned with the flat-panel CT 
prototype with Csl-aSi detector shown in Fig. 2.4. An isotropic resolution of 0.25 mm 3 enables ex- 
quisite delineation of small side branches of the contrast filled coronary artery tree (courtesy of U. J. 
Schoepf, MUSC, Charleston, USA) 




Fig. 2.8. CTAofthe head and neck of a rabbit scanned with the flat-panel CT prototype with Csl-aSi 
detector shown in Fig. 2.4 (courtesy of R. Gupta, MGH, Boston, USA) 
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3.1 Introduction 

After the introduction of single-slice spiral 
CT (SSCT) scanners into clinical practice in 
1989, the next considerable advance was the 
development of multislice spiral CT (MSCT) 
systems a few years ago. MSCT scanners 
are capable of simultaneously scanning a 
number of slices (N=2, 4, 8, 16,...) within 
a reduced scan time. As will be described 
in the subsequent chapters, the resulting 
improvement in scanner performance has 
increased the clinical efficacy of CT proce- 
dures and offered promising new applica- 
tions in diagnostic imaging. 

On the other hand, data from vari- 
ous national surveys have confirmed, as a 
general pattern, the growing impact of CT 
as a major source of patient and popula- 
tion exposure. In Germany, for example, 
it accounted for 6% of all X-ray examina- 
tions conducted in 2001, but for 47% of the 
resultant collective effective dose, with an 
increase of about 7% per year. Even higher 
numbers are reported for Japan and the 
USA. To limit patient exposure related to 
CT procedures, the following general prin- 
ciples of radiological protection have to be 
taken into account [1,2]: 

• Justification: There must be sufficient 
net benefit for the individual patient, 
balancing the potential benefits of a CT 
examination against the individual det- 
riment that may be caused by radiation 
exposure. In this context, the efficacy, 
benefits and risks of available alternative 
imaging techniques must be considered 
as having the same objective but either 
no or less exposure to ionizing radia- 
tion. 



• Optimization: Radiation exposure of pa- 
tients undergoing a CT procedure shall 
be kept "as low as reasonably achievable" 
(ALARA principle), which means that 
the scan protocols employed have to be 
optimized in order to define an accept- 
able balance between patient exposure 
and necessary diagnostic image quality. 

It is the purpose of this chapter (1) to sum- 
marize the most relevant dosimetric quan- 
tities used for dose assessment in CT, (2) to 
give an overview on the specific factors de- 
termining radiation exposure of patients in 
MSCT, (3) to present the main results of the 
first dedicated survey on MSCT practice 
worldwide, and (4) to provide suggestions 
for the optimization of MSCT protocols to 
balance patient exposure against image 
quality. 

3.2 Quantities for Dose 
Assessment in CT 

3.2.1 Organ and Effective Dose 

For the assessment of detrimental radia- 
tion effects, it is generally assumed that 
the probability of biological damage is di- 
rectly proportional to the energy deposited 
by ionizing radiation in a specified organ 
or tissue. Therefore, the fundamental dosi- 
metric quantity is the absorbed dose, which 
is defined as the radiation energy absorbed 
in a small volume element of matter divided 
by its mass. In the SI system the absorbed 
dose is given in the unit Gray (1 Gy = 1 J/ 
kg). The absorbed dose averaged over the 
total mass of an organ or tissue T is denot- 
ed as organ dose, Dt. Whenever an organ 
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Table 3.1. Tissue weighting factors w T given in [1] reflecting the relative susceptibility of various 
tissues and organs to ionizing radiation 



Tissue or organ 


Wj 


2 Wj 


Gonads 0.20 0.20 


Bone marrow, lungs, colon, stomach 


0.12 


0.48 


Liver, thyroid, esophagus, breast, bladder 




0.25 


Bone surface, skin 


0.01 


0.02 


Remaining organs* 


- 


0.05 



Remaining organs consist of a group of additional organs and tissues with a lower sensitivity 
to radiation-induced effects for which the average dose must be used: small intestine, brain, 
spleen, muscle tissue, adrenals, kidneys, pancreas, thymus and uterus. If a single one of the 
remaining organs receives a higher dose than any of the 12 organs with specific weighting 
factors, then the dose to that particular remaining organ is weighted by a factor of 0.025. In 
this case, the average dose to the other organs in the remainder group is weighted by a factor 
of only 0.025. This scenario is of particular importance for head examinations 



is only partially irradiated, as in the case 
of an organ extending over the whole body 
(e.g., red bone marrow or skin) or an organ 
situated at the border of the irradiated body 
region, the organ dose may differ markedly 
from the absorbed dose at different posi- 
tions within that organ. 

Tissues and organs are not equally sensi- 
tive to the effects of ionizing radiation. For 
this reason, tissue weighting factors, wr, 
were provided by the International Com- 
mission on Radiological Protection (ICRP) 
[1] for a reference population of equal 
numbers of both sexes and a wide range of 
ages (Table 3.1). These factors indicate the 
relative proportion of each organ or tissue 
to the total health detriment - in terms of 
the risk of fatal cancers and hereditary de- 
fects - resulting from uniform irradiation 
of the whole body. If the body is exposed in 
a nonuniform manner as, for example, in a 
patient undergoing a CT examination, the 
sum of the products of the organ dose and 
the corresponding tissue weighting factor 
determined for each of the various organs 
or tissues exposed must be computed: 



E = V wt • Dt with V wj = 1. 



(3.1) 



The resulting quantity is denoted as effec- 
tive dose E and expressed in the SI unit 
Sievert (Sv). On the basis of the effective 
dose, it is possible to assess and to com- 
pare the probability of stochastic radiation 
effects resulting from different radiation 
exposures as, for example, diverse X-ray 
or nuclear medicine procedures yielding 
a different pattern of dose distribution in 
the body. It should be mentioned, however, 
that the weighting factors provided by the 
ICRP are generic, rather than patient-spe- 
cific, because the age and gender of patients 
are not taken into account. In fact, the ra- 
diation risk is somewhat higher for females 
and for younger patients when compared to 
males and older patients. 



3.2.2 Operational Dose Quantities 

In practice, neither organ nor effective 
doses can be measured directly. In order to 
overcome this difficulty, operational dose 
quantities are frequently used, which can 
easily be measured with an appropriate 
phantom. These quantities can be used for 
comparison of different devices and para- 
meter settings within a particular diagnos- 
tic modality (e.g., CT). Moreover, they form 
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Fig. 3.1. Axial dose profiles for a single-slice CT scan (a), a CT scan series with 15 slices acquired with 
p= 1.0(b), and a CT scan series with 21 slices acquired with p = 0.7(c). The slice thickness is 10 mm in 
each case. Indicated are the CTDI and the MSAD 



the basis for the estimation of organ and 
effective doses by means of complex Monte 
Carlo calculations performed for anthro- 
pomorphic mathematical models [3,4]. 

The most relevant dose descriptor for 
CT is the computed tomography dose index 
(CTDI) (given in mGy). As illustrated in 
Fig. 3.1a, the CTDI indicates the dose value 
inside an irradiated slice that would result 
if the dose profile were entirely concentrat- 
ed in a rectangular profile of width equal 
to the nominal slice thickness. Accord- 
ingly, all dose contributions from outside 
the nominal slice width, such as the areas 
under the tails of the real dose profile, are 
added to the area inside the slice. 

Whenever several adjacent slices are 
scanned instead of a single slice - as is usu- 



ally the case in CT practice - the dose for 
a particular slice is increased due to the 
contributions from slices in its neighbor- 
hood (see Fig. 3.1b,c). For this reason, the 
dose in the central portion of the superim- 
posed dose profile - the multiple scan aver- 
age dose (MSAD) - is markedly larger than 
the peak value for a single slice. The degree 
of overlap of slice profiles is characterized 
by the pitch factor,/?. In MSCT this factor is 
defined as 



TF 

Scoll M 



(3.2) 



where TF is the table feed, s co n is the slice (or 
detector) collimation, and M the number of 
simultaneously acquired slices. Using this 
definition, the MSAD is given by 
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MSAD: 



CTDI 



(3.3) 



To obtain the average dose for a multiple- 
slice CT scan performed over a larger body 
region, it is thus sufficient to measure the 
CTDI from a single rotation by acquiring 
the dose over the entire dose profile. The 
situation is illustrated in Figs. 3.1b,c for 
two CT series carried out over the same 
scan length with p = 1 (MASD = CTDI) and 
p < 1 (MASD = CTDI), respectively. 

In practice, CTDI measurements are 
usually performed with a pencil ionization 
chamber with an active length of 100 mm, 
which is positioned at the center (CTDIi o, c ) 
and at the periphery (CTDIioo.p) of either a 
standard head or body CT dosimetry phan- 
tom (Fig. 3.2). On the assumption that the 
dose decreases linearly with the radial po- 
sition from the surface to the center of the 
phantom, the average dose is given by the 
weighted CTDI: 



CTDI W = i CTDI 100 , C + \ CTDI 100 , P 



(3.4) 



Because the CTDI W is directly proportional 
to the electrical current-time product (Q e i 
in mAs) chosen for the scan, it has to be 
measured for all combinations of tube po- 
tentials (U in kV) and slice collimations 
that can be realized at the specific type of 
scanner but only for a fixed Q e i value. 

According to the revised IEC-standard 
60601-2-44, the dose quantity displayed at 
the operator's console of a CT system is the 
effective or volume CTDI: 




Fig. 3.2. Cylindrical standard CT dosimetry 
phantoms made from Perspex. The phantoms 
with a diameter of 16 cm and 32 cm are used for 
representative CTDI measurements of the head 
and trunk, respectively. For dose measurement 
the pencil ionization chamber with an active 
length of 100 mm is inserted into the five holes 



patients undergoing a CT procedure. There- 
fore, the dose-length product (DLP) 



DLP = CTDI vo i L 



(3.6) 



CTDI vol 



. CTDI™ 



(3.5) 



(given in mGycm), is used as a further op- 
erational dose quantity. 

Nevertheless, the relevant quantity for 
risk assessment is the effective dose, which 
takes not only the organ doses into account 
but also the relative radiation susceptibility 
of the various organs and tissues within the 
scanned body region (see Sect 3.2.1). Ac- 
cording to the generic method presented in 
the European Guidelines on Quality Crite- 
ria for CT [5], coarse estimates of £ can be 
derived from the DLP by using appropriate 
conversion factors given in that report for 
different body regions (head, neck, chest, 
abdomen, and pelvis). 



that takes the effect of overlap of slice pro- 
files at the level of local dose into account. 
The CTDI vo i is the principal dose descrip- 
tor in CT, reflecting not only the combined 
effect of the scan parameters Q e i, U, p, and 
s co ii on the local dose level, but also of scan- 
ner specific factors such as beam filtration, 
beam shaping filter, geometry, and over- 
beaming (see below). 

Besides the CTDI vo i, the length L of the 
scan region is the second important param- 
eter that determines radiation exposure of 



3.2.3 Diagnostic Reference Levels 

In its publication on Radiological Protec- 
tion and Safety in Medicine [6] the ICRP 
recommends the use of diagnostic refer- 
ence levels (DRLs) for patient examina- 
tions as a measure of optimization of 
protection. The DRLs apply to an easily 
measurable operational dose quantity and 
are intended for use as a simple test for 
identifying situations where the levels of 
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beam collimation 



~~i 




penumbra 




I I I III I 1=1 



H hoii h- 

a slice collimation b 

Fig. 3.3. Design of a 4-slice CT scanner with a nonisotropic adaptive detector array. By changing 
beam collimation and electronically binning different numbers of adjacent detector elements to- 
gether, images from four slices with variable thickness can be acquired simultaneously, a Four thick 
slices, b Four thin slices. The figure reveals that the relative contribution of overbeaming {dark grey 
penumbra) to total patient exposure becomes more relevant with decreasing slice thickness 



patient dose are unusually high. If patient 
doses related to a specific procedure con- 
sistently exceed the corresponding DRL, 
there should be a local review of the pro- 
cedures and equipment. Measures aimed 
at the reduction of dose levels should be 
taken, if necessary. 

The council of the European Union has 
adopted this concept in the Council Direc- 
tive 97/43/EURATOM [2]. By this means, 
the member states of the EU are obliged 
to adopt the DRLs into national legisla- 
tion and regulations concerning radiation 
protection. Additionally, DRLs for vari- 
ous CT examinations have been published 
- in terms of the operational dose quan- 
tities CTDI W and DLP - by the European 
Commission [5]. According to Eq. 3.5, the 
CTDI W can easily be determined from the 
CTDI vo i displayed on the operator's con- 
sole. 



3.3 MSCT-Specific Features 
Influencing Radiation 
Exposure 

There are a number of features specific to 
MSCT systems that systematically influ- 
ence patient exposure compared to SSCT 
scanners. These are either inherent to the 
principle of MSCT scanning or a conse- 



quence of the improved imaging capabili- 
ties provided by modern MSCT systems. 



3.3.1 Detector Efficiency 

Individual detectors in a multirow, solid- 
state detector array are separated by nar- 
row strips (septa), which are not sensitive 
to radiation and thus do not contribute to 
the detector signal. Due to the large num- 
ber of strips, these inactive zones result 
in geometrical losses, the degree of which 
depends on the design of the detector ar- 
ray. In addition, further losses occur due 
to a decrease in sensitivity at the edges 
of each row that results from cutting the 
scintillator crystal. In contrast to a sin- 
gle-row detector array whose width can 
be larger than the maximum slice thick- 
ness, the edges of the rows in a multirow 
detector array are located inside the beam 
(Fig. 3.3). Both effects result in a decrease 
of the net efficiency of a solid-state detec- 
tor array. 



3.3.2 Beam Geometry 

By using cone beams instead of fan beams, 
the incidence of scatter is increased, which 
requires the use of either more dose to pre- 
serve the contrast-to-noise ratio or tech- 
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nical means associated with a decrease in 
geometric efficiency. 



3.3.3 Overbeaming 

In MSCT, data from each detector contrib- 
ute to every reconstructed image. There- 
fore, the image noise and the slice sensitivity 
profile for each slice need to be similar to 
reduce image artifacts. To accommodate 
this condition for MSCT systems with more 
than two detector rows, beam collimation 
is usually adjusted in such a way that the 
focal spot-collimator blade penumbra falls 
outside the edge detectors (see Fig. 3.3). The 
resulting overbeaming causes an increased 
radiation dose compared to single-slice 
and (most) dual-slice scanners, where the 
collimator width is in general smaller than 
the maximum detector width. As shown in 
Fig. 3.3, this effect becomes more relevant 
for thinner slices, which are preferred for 
MSCT scanners with N > 4 in contrast to 
single- and dual-slice systems. However, 
with the availability of MSCT systems ca- 
pable of scanning more than four slices si- 
multaneously (N = 8, 16,...), overbeaming 
will become less significant in future. 



3.3.4 Overranging 

In spiral CT, the actual scan range is larger 
than the range defined on the operator's 
console, because additional data are re- 
quired for interpolation at the begin- 
ning and the end of the body region to be 
scanned. At present, with a maximum to- 
tal width of the detector arrays of typically 
20 mm, overranging is still not a major is- 
sue. This will change in the future, how- 
ever, as soon as much wider arrays become 
available. 



3.3.5 Tube Output and Rotation Time 

The improved utilization of tube output in 
combination with a reduced rotation time 
allow for significant changes in scan pro- 
tocol settings. The ability to scan a given 



volume in the same time with reduced slice 
thickness, thus enabling the production 
of isotropic voxels is the most prominent 
implication. By using this approach, an 
increase in patient dose seems to be neces- 
sary, at least in clinical indications limited 
by noise, when thinner slices are used in 
order to improve spatial resolution in the 
z-direction. 



3.3.6 ECG Gating 

There are new applications, such as CT 
angiography (CTA) of the coronary arter- 
ies, that are preferentially performed with 
retrospective ECG gating, thereby making 
use of selected intervals during the cardiac 
cycle only while exposing the patient dur- 
ing the entire cycle. 

3.4 Current MSCT Practice 

3.4.1 German MSCT Survey 2002 

At the beginning of 2002, a nationwide 
survey on MSCT practice was conducted 
in Germany. Similar to a previous nation- 
wide survey on SSCT practice in 1999 [7], 
the recent survey was based on question- 
naires sent to 207 hospitals and private 
practices operating an MSCT scanner at the 
end of 2001. The examinations considered 
are defined in Table 3.2 and details of the 
study design and methodology used for 
dose assessment can be found in [8]. The 
results summarized in Table 3.2 are based 
on data reported for 113 scanners: 39 2-slice 
scanners (most of them former Elscint CT 
Twin), 73 4-slice scanners (predominantly 
Siemens Volume Zoom), and one 8-slice 
scanner (GE LightSpeed Ultra). 

In Fig. 3.4, average values of the scan 
length L, the number of scan series n ser , the 
operational dose quantities CTDI vo i and 
DLP per scan, as well as the effective dose 
E per examination (including precontrast 
and postcontrast scans) for 2- and 4-slice 
CT scanners are plotted for the 14 standard 
examinations considered relative to the 
corresponding mean values established for 
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scan length: Duals und Quads vs. SSCT 



slice thickness: Duals und Quads vs. SSCT 
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Fig. 3.4. Mean values of a scan length L, b number n ser of scan series, c CTDI VO i per scan series d DLP 
per scan series, and e effective dose E per examination determined for 2-slice and 4-slice scanners in 
a nationwide survey in Germany [8] for the 14 standard CT examinations defined in Table 3.2 along 
with the corresponding mean values averaged by weight over all CT examinations. Data are pre- 
sented relative to the corresponding mean values determined in a previous survey [7] for modern 
SSCT scanners 
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conventional spiral CT examinations [7]. 
The reference group comprises 398 modern 
SSCT systems installed before June 1999. 
As an overall trend, the average effective 
dose to patients from CT examinations 
has changed from 7.4 mSv at single-slice to 
5.5 mSv and 8.1 mSv for 2-slice and 4-slice 
scanners, respectively. The most relevant 
differences in the effective dose were found 
for standard brain, liver/kidneys, CTA, and 
spine examinations (see Fig. 3.4e). This in- 
crease is mainly explained by the following 
facts: 



very narrow slice collimation should be 
avoided for these systems unless there is 
a real diagnostic need to do so (e.g., for 
multiplanar reformatting (MPR) or if im- 
proved spatial z-resolution is mandatory). 
Otherwise, scans should be carried out 
with medium or wide collimation. This 
particularly holds for scanners with com- 
paratively high overbeaming. For MSCT 
scanners with N > 16, there is less over- 
beaming and therefore no special atten- 
tion is required. 



• For the majority of scanners, reduced 
beam filtration is used in the head scan- 
ning mode, resulting in an increased 
tube output per mAs. This does not hold 
for most single-slice scanners. 

• In examinations of the liver or kidneys, 
the average number of scan series is 
somewhat increased. 

• In CTA, the average scan length is some- 
what increased. The main reason, how- 
ever, is the increase in local dose to com- 
pensate for the increased noise owing to 
the selection of much narrower slices. 

• For the spine, the average scan length is 
increased considerably, as there is now a 
clear preference to scan the entire spine 
section (cervical spine, lumbar spine) in 
the spiral mode instead of only selected 
segments. 

3.5 Suggestions on How 

to Optimize MSCT Practice 

The increased noise and the extended 
overbeaming associated with the preferred 
use of narrow slice collimations is the most 
important implication of MSCT scanning. 
The key factor towards optimization of 
current MSCT practice is how to handle 
this issue. 



3.5.1 How to Avoid Overbeaming 

As overbeaming is most pronounced on 
4-slice scanners, data acquisition with 



3.5.2 How to Face Increased Noise 

In order to reduce image noise, reconstruct- 
ing thicker slices is recommended (mul- 
tiplanar volume reconstruction, MPVR). 
This is already practiced by the majority of 
MSCT users, although the average (recon- 
structed) slice thickness still remains sig- 
nificantly smaller than for SSCT scanners. 
Another fact, however, deserves much more 
attention: the reduction of partial volume 
effects. Lesion contrast is enhanced with 
narrow slice collimation due to the reduc- 
tion of partial volume effects, and thus the 
contrast-to-noise ratio is improved even in 
the presence of increased noise. Therefore, 
if a narrow slice thickness is used, the vis- 
ibility of small details improves despite in- 
creased noise. There is thus no need to in- 
crease radiation dose when making use of 
thinner slices. 



3.5.3 Technical Means 

Dose reduction can be further facilitated by 
a variety of technical measures. Meanwhile, 
all CT manufacturers have developed sys- 
tems for automatic dose control. These ad- 
just the electrical current-time product to 
individual patient size and shape and are 
currently employed in the latest generation 
of MSCT scanners [3]. Dedicated smooth- 
ing filters that preserve spatial resolution 
are another approach. Even more sophisti- 
cated solutions can be expected in the next 
years. 
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3.6 Summary 
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to the specific factors determining patient 
exposure and its reduction. 
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4 Artifacts in MSCT 



R. Raupach and T. Flohr 



4.1 Introduction 



4.2 Beam-Hardening Artifacts 



Artifacts in CT are usually based on the 
misinterpretation of raw data due to vari- 
ous physical phenomena. As CT images 
are generally derived by means of a fil- 
tered back-projection [1], artifacts, i.e., 
image disturbances, do not occur only at 
the originating location, as known from 
conventional radiography, but may also 
affect the entire image. For example, a 
thin metallic wire causes streak artifacts 
emanating from its origin, but deterio- 
rates the environmental region up to a 
greater distance as well. Artifacts can also 
occur if the source is located outside the 
reconstructed field of view or even out of 
the field of measurement (the maximum 
field of view, which is completely covered 
by the acquired raw data). 

The challenge is to decide whether de- 
tails in the CT image represent the real- 
ity or are produced artificially. Therefore, 
considerable experience as well as a pro- 
found knowledge of the technology be- 
hind a CT system are essential to be able 
to interpret images correctly. Although 
artifacts are commonly caused by a com- 
bination of different physical effects the 
diagnostic quality of CT images can be 
optimized by choosing appropriate scan 
parameters. 

The most common sources for artifacts 
and their appearance are described in the 
following. General hints are given to mini- 
mize artifacts. 

Therefore, this article aims to help op- 
timize the MSCT protocols by describing 
both the appearance of artifacts and their 
origins. 



The most prominent beam-hardening arti- 
fact is known as the Hounsfield bar, a dark 
band between the petrous bones in the base 
of the skull obliterating the mid-portion 
of the brain stem (Fig. 4.1a). The radiation 
generated by the tube shows a polychro- 
matic spectrum, i.e., contains photons with 
different energies. This can be compared to 
a continuous mixture of colors in the case 
of visible light. 

Attenuation of X-rays depends on the 
energy, but this attenuation decreases with 
higher photon energy. Therefore, the spec- 
tral composite of the X-rays changes when 
passing an object: radiation behind the ob- 
ject contains a higher ratio of high-energy 
photons than the primary beam, but a low- 
er ratio of low-energy photons. Hence, the 
effect is commonly referred to as the beam- 
hardening effect. The measured signals at 
the detector, however, represent an aver- 
aged attenuation over all energies resulting 
in averaged data. As a result, reconstructed 
images show dark areas or streaks between, 
for example, thick bones. 

Its strength depends significantly on the 
atomic composite, the size of the object and 
the voltage used. Heavy atoms like calcium 
in bones cause a more distinct effect than 
soft tissue. A lower voltage, corresponding 
to a lower peak energy of the X-ray photons, 
will intensify the artifacts. 

Beam-hardening artifacts typically ap- 
pear in the vicinity of dense bones, like in 
the base of the skull. Also, very concen- 
trated iodine contrast media, or implanted 
metals may show significant artifacts due 
to the discussed phenomenon. 
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Fig. 4.1. a Beam-hardening artifacts: Houns- 
field bar. b Same slice as in a with an improve- 
ment using beam-hardening correction 



Fig. 4.2. a Partial volume artifacts in the base of 
the skull, b Same slice as in a, but scanned with 
thin-collimated slices 



Correction of this effect for soft tissue is 
routinely performed during data process- 
ing to ensure a homogeneous soft tissue 
level over the entire object. Whereas, the si- 
multaneous beam-hardening correction for 
a combination of soft tissue, bone, etc., re- 
quires more sophisticated algorithms, such 
as iterative reconstruction approaches. 

As beam-hardening artifacts particu- 
larly deteriorate the diagnostic properties 
of head images, most CT systems provide 
dedicated soft tissue reconstruction algo- 
rithms for brain scans considering the two- 
component system soft tissue and bone [2], 
where artifacts are removed almost com- 
pletely (Fig. 4.1b). Therefore, it is highly 



recommended to use the dedicated scan 
protocols for brain examinations. 

4.3 Partial-Volume Artifacts 

Partial-volume artifacts occur if the edge of 
a structure with high contrast, e.g., bone or 
metal, partly shadows a particular channel 
when projected onto the detector. In this 
case, the measured signal is the cumulated 
intensity of rays passing through the object 
and the environmental tissue exclusively. 
This applies to the image plane as well as 
to the z-direction. Incorrect data then arise 
from the fact that signal attenuation is mea- 
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Fig. 4.3. Motion artifacts in a head scan 



sured but CT images are reconstructed by 
means of a filtered back-projection of at- 
tenuation integrals, i.e., the logarithm of 
the measured intensities [1]. Arising arti- 
facts are typically streak-shaped and look 
very similar to beam-hardening artifacts 
(Fig. 4.2a). 

In the case of partly in-plane coverage 
of a detector channel, artifacts are usually 
denoted as sampling errors. As the width of 
detector channels in MSCT is small, sam- 
pling artifacts occur only at edges of objects 
with very high attenuation coefficients like 
metallic objects. 

The geometrical width of detector 
channels is fixed and cannot be changed, 
whereas the strength of partial volume ar- 
tifacts due to finite size of the channels in 
the z-direction can be influenced by the 
collimation. As a rule, a thinner collima- 
tion reduces the level of partial volume 
artifacts because contours are sampled 
more precisely. Modern MSCT systems 
always provide scan modes with submil- 
limeter collimation, which should be used 
if high-contrast structures are present. 
Figure 4.2b shows the same slice position 
and thickness as Fig 4.2a, but has been 
acquired with narrower (1 mm) collima- 
tion and subsequent fusing of the thin col- 
limated slices. Obviously, partial volume 
artifacts are eliminated. 




Fig. 4.4. a Artifacts in a thorax scan by breath- 
ing and movement of the heart, b Improvement 
by a motion artifact correction algorithm 



4.4 Motion Artifacts 

CT images are reconstructed from a certain 
angular segment of projections. Movement 
of an object or patient during this time 
leads to inconsistent data. Artifacts typi- 
cally occur as streaks (Fig. 4.3) or blurred 
or double contours (Fig. 4.4a). Protocols 
for critical examinations, may include spe- 
cial approaches to suppress those artifacts 
(Fig. 4.4b), known as motion correction al- 
gorithms. 

Especially if a slow gantry rotation is 
selected for high resolution scans patients 
should be fixed properly using the assigned 
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Fig. 4.5. Artifacts caused by dense contrast bo- 
lus 



Fig. 4.6. Spiral or windmill artifacts 



equipment like, e.g., head holders or re- 
straining straps. Disturbances can also 
be introduced by a dense contrast bolus 
(Fig. 4.5). 

Generally, a fast rotation speed of the 
gantry is recommended to minimize mo- 
tion artifacts. State-of-the-art CT systems 
offer rotation times down to 0.33 s per 360°, 
fast enough to freeze most of the physiolog- 
ical processes. If submillimeter structures 
have to be displayed close to the heart, e.g., 
coronary arteries, retrospectively gated re- 
construction algorithms are provided that 
use information from the parallel recorded 
ECG to determine optimized temporal win- 
dows. Temporal resolution can be much 
less than the full rotation time by employ- 
ing so-called multisegment reconstruction 
techniques. However, they reduce motion 
artifacts efficiently only if the movement is 
exactly reproducible. 

4.5 Spiral Artifacts 

(Windmill Artifacts) 

CT scanners acquire raw data by using finite 
detector channels. For all spiral reconstruc- 
tion algorithms, an interpolation in the z- 
direction of those data to axially aligned 
projections has to be performed. This in- 
duces errors for structured high-contrast 



objects, like bones or metals, compared to 
the idealized situation of an arbitrarily fine 
grid of sampled data points. Resulting arti- 
facts are propeller-like, dark/bright struc- 
tures in the vicinity of their sources (Fig. 
4.6) that seem to rotate around their center 
when scrolling through the stack of axial 
images. For this reason, they are some- 
times denoted as "windmill" artifacts. 

Spiral artifacts can be reduced effectively 
by an improvement of the sampling pattern 
in the z-direction. The recently introduced 
z-sharp or double z-sampling technology 
[3] represents an advanced technological 
approach to overcome this well-known 
phenomenon of MSCT systems completely. 
This technical solution is superior to other 
measures trying to reduce spiral artifacts 
by scan and reconstruction parameters as 
discussed in the following. 

The appropriate spiral feed or pitch may 
reduce the level of spiral artifacts by opti- 
mizing the data sampling. Some vendors 
offer fixed pitch values with improved sam- 
pling, while other scanners allow for adjust- 
ing the pitch over a range in order to con- 
tinuously adapt scanning speed. However, 
default protocols usually provide the opti- 
mum settings and should not be changed 
freely with respect to pitch or table feed. 

Disturbances by spiral artifacts also de- 
pend on the ratio between reconstructed 
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slice width and collimation. Thin recon- 
structed slices close to the collimated slice 
width are more susceptible to such artifacts 
than thick reconstructed slices. By choos- 
ing thicker reconstructed slices, spiral arti- 
facts can be reduced, however, at the cost of 
longitudinal resolution. 

The effect of spiral artifacts should also 
be considered for reconstruction of thin 
images as a basis for multiplanar reforma- 
tion (MPR), and for maximum or mini- 
mum intensity projections (MIP) as well. 
Windmills in axial images may lead to 
streak artifacts in secondary reconstruc- 
tions, e.g., horizontal streaks in coronal 
or sagittal MPRs. Besides the slice thick- 
ness, the distance of two adjacent slices 
(slice increment) represents an essential 
parameter. Since the wing pattern of the 
windmills shows identical alignment af- 
ter a shift of one collimation (not recon- 
structed slice!), a slice increment of half a 
collimation must be regarded as the worst 
case because a dark/bright streak pattern 
will be produced in MPRs consequently. 
Choice of the reconstruction increment is 
therefore a compromise between resolu- 
tion and the level of artifacts. With regard 
to the first property, a smaller increment 
is preferred while the consideration of ar- 
tifacts rather leads to an increment of a 
full collimation. Generally, the optimum 
can be found in between. For example, a 
spiral scan using the collimation 6x1 mm 
with reconstructed slices of 1.25 mm shall 
be considered. Then, an increment of 
0.5 mm (1.0 mm) will show maximized 
(minimized) artifacts in MPRs based on 
windmills in axial images. Increments of 
0.9 down to 0.8 mm improve the resolu- 
tion by overlapping without significantly 
enhancing the visibility of streaks. Please 
remember that the slice increment has to 
be compared with collimation, not with 
reconstructed slice width. 



4.6 Cone Artifacts 

Cone artifacts arise due to an approxi- 
mation of the measured slices of MSCT 
systems to truly parallel planes. If the 




Fig. 4.7. a Cone beam artifacts, b Reduction of 
cone artifacts by a cone beam reconstruction 



number of slices increases, deviations 
from this simplified description start to 
grow and result in characteristic artifacts 
(Fig. 4.7a). As the misfit increases away 
from the center of rotation, cone artifacts 
typically appear in the periphery, e.g., in 
the ribs. 

However, most of the present MSCT 
scanners provide an effective cone cor- 
rection or cone beam reconstruction, de- 
pending on the number of detector rows, if 
necessary (Fig. 4.7b). Users do not have the 
possibility to influence the reconstruction 
in this sense. 



4.7 Metallic Objects 

The term metal artifact includes almost 
all of the phenomena described above. De- 
pending on the alloy, shape, size and posi- 
tion, one particular effect may dominate. 
Generally, the transition from environmen- 
tal tissue to the metal is very sharp com- 
pared to the size of the detector channels 
that the partial volume effect or sampling 
errors, respectively, contribute to metal-in- 
duced artifacts, appearing as thin streaks 
emanating from the edges. 

As discussed above, using the thinnest 
possible collimation will minimize partial 
volume artifacts. The conspicuousness 
can also be influenced by the convolution 
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kernel. A smooth convolution kernel or 
smooth reconstruction algorithm can help 
to reduce thin streaks. 

The most effective measure to avoid 
metal-induced artifacts is to exclude the 
metallic object from the scanned range. 
This can sometimes be realized by a care- 
ful patient positioning or using gantry tilt 
in special examinations, e.g., for exclud- 
ing dental inlays from the scanned vol- 
ume. 

If the metallic object inevitably belongs 
to the range of interest or diagnostic infor- 
mation has to be gained close to implants, 
orientation of the scan plane is essential 
for optimal image quality. As a rule of 
thumb, the more metal being passed by 
the X-rays, the more severe artifacts ap- 
pear. For example, a screw of a spine fixa- 
tion causes more distinct disturbances if it 
is aligned in-plane. When cut perpendicu- 
lar to the screw axis the artifact level will 
be reduced, which allows the evaluation of 
the area closer to the implant. Of course, 
a larger volume, i.e., more axial slices, 
might be influenced by long-range arti- 
facts in the latter situation. Because of the 
sharp transitions of metallic objects, typi- 
cal spiral artifacts may also occur of their 
edges (see previous section for details and 
hints). 

Metal artifacts can also occur as a con- 
sequence of motion, e.g., in the case of elec- 
trodes, stents or clips close to the heart. 
Measures have already been discussed in 
the dedicated section. 

If the size of metallic objects increases, 
the attenuation of X-rays grows signifi- 
cantly and beam hardening becomes rel- 
evant. On the other hand, the absolute 
signal measured in detector elements be- 
hind the implant becomes so low that the 
reading is not reliable due to a high level of 
noise. Both effects may completely destroy 
the image content on lines passing a large 
amount of metal. Artifacts are particu- 
larly visible between two metallic objects, 
e.g., hip implants. Using a higher voltage 
reduces beam hardening as well as a lack 
of detector signal due to smaller attenua- 




Fig. 4.8. a Patient exceeding the field of mea- 
surement without correction, b Same slice as in 
a, but including an extrapolation-type correc- 
tion 



tion at higher photon energies. Whereas, 
selecting higher mAs does not improve the 
situation significantly but will increase 
radiation dose. Please note that intelli- 
gent automatic exposure controls exclude 
metallic objects from calculating optimal 
mAs settings because no benefit with re- 
gard to image quality can be observed op- 
posed to the higher dose. Furthermore, 
most state-of-the-art CT scanners employ 
advanced filters on the raw data to reduce 
disturbing noise structures. 
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4.8 Objects Outside 

the Field of Measurement 
(Shoulder Artifacts) 

The relation between CT raw data and re- 
constructed images causes artifacts if ob- 
jects are inside the gantry but exceed the 
field of measurement. For example, patients 
larger than the maximal scanning field or 
arms lateral to the body likewise produce 
artificial hyperdense edges (Fig. 4.8a) when 
not accounted for in the reconstruction. 
Some recent scanners automatically ap- 
ply extrapolation-type algorithms in or- 
der to reduce those artifacts considerably 
(Fig. 4.8b) and, moreover, offer special re- 
construction techniques to display objects 
located outside the field of measurement 
almost correctly. 



ECG cables running through the gantry 
opening and contrast media on the gantry 
surface or in flexible tubes may also result 
in streak artifacts and sometimes are dif- 
ficult to attribute to their origin. 



References 

1. Kalender WA (2000) Computed tomography. 
Publicis MCD, p 22ff 

2. Herman GT, Trivedi SS (1983) A comparative 
study of two postreconstruction beam harden- 
ing correction methods. IEEE Trans Med Imag- 
ing 2(3):128-135 

3. Flohr T, Stierstorfer K, Raupach R, Ulzheimer 
S, Bruder H (2004) Performance evaluation of 
a 64-slice CT-system with z-flying focal spot. 
Rofo Fortschr Geb Rontgenstr Neuen Bildgeb 
Verfahr 176:1803-1810 



5 CT of the Heart and Great Vessels: 

Protocols in Congenital Heart Disease Patients 



J.-F. Paul 



49 



5.1 Indications for MSCT 

• Pulmonary atresia with ventricular sep- 
tal defect 

• Tetralogy of Fallot and other cyanotic 
cardiac disease 

• Transposition of great arteries 

• Double aortic arch 

• Aortic coarctation 

• Anomalous pulmonary venous return 

5.2 Patient Preparation 

In general, neonates are not necessarily 
sedated. The sedation protocol for infants 
includes the intrarectal administration of 
Midazomal at a dose of 0.3 mg/kg, given 
approximately 15 min before examination. 
Additional sedative drugs may be useful 
(Hydroxyzine at a dose of 1 mg/kg, per os, 
1 h before examination). 

5.3 Scan Parameters 

See Table 5.1. 

5.4 Tips and Tricks 

5.4.1 Neonates and Babies 

• Appropriate centric positioning of the 
baby is best facilitated with the assis- 
tance of the laser beam. 

• In our institution, no preview scan is 
performed, as it constitutes an unneces- 
sary additional radiation dose. 

• Systematic use of 80 kV settings. 



Adaptation of the mAs to typical neo- 
nate/baby weights (e.g., 25 mAs for 3 kg, 
see Table 5.2). 

Only one phase acquisition when pos- 
sible. 

Systematic protection of nonscanned or- 
gans. 



5.4.2 Infants over Seven Years of Age 

• Breath hold angio-CT acquisition or 
ECG-gated acquisition (for coronaries). 

• Adaptation of the mAs to typical child 
weights. 



5.4.3 Comments 

Congenital heart disease (CHD) arises due 
to abnormal development of the cardiac 
structures during intrafetal life and con- 
sists of more or less complex malforma- 
tions of the heart and great vessels. Most 
of the patients may benefit from surgical 
intervention to partially or totally correct 
the anatomical anomalies or percutaneous 
interventional radiologic procedures. For 
the clinical management of patients with 
complex congenital heart disease, three- 
dimensional accurate evaluation of their 
morphologic conditions is critical. 3D re- 
constructions should be routinely used and 
demonstrate the shape and spatial relation 
of the great arteries, proximal branch pul- 
monary arteries and anomalous pulmonary 
venous or systemic connections. The 3D 
information of extra cardiac morphologic 
characteristics may determine the choice 
and method of surgical intervention. 
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Table 5.1 . Examples of kV and mAs settings in pediatric protocols depending on the infant weight 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 


80 (see Table 5.2) 


80 (see Table 5.2) 


80 (see Table 5.2) 


Rotation time (s) 


0.5 


0.37 


0.33-0.42 


Tube current time 
product (mAs) 


See Table 5.2 


See Table 5.2 


See Table 5.2 


Pitch corrected tube 
current time product 
(eff. mAs) 


See Table 5.2 


See Table 5.2 


See Table 5.2 


Collimation (mm) 


2.5* 


0.75 


0.6/0.625 


Norm, pitch 


1.5 


1.5 


1.5 


Reconstruction incre- 
ment (mm) 


1.5 


0.8 


0.4 


Reconstr. slice thickness 
(mm) 


3 


1.25 




Convolution kernel 


Soft 




Soft 


Specials 


Scan range 


Upper aperture/ 
diaphram 


Upper aperture/ 
diaphram 


Upper aperture/ 
diaphram 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast media application 


Concentration 
(mg iodine/ml) 


300 


300 


300 


Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 


Volume (mL) 


2 cc/kg 


2 cc/kg 


2 cc/kg 


Injection rate (mL/s) 


0.5-1 


0.5-1 


0.5-1 


Saline chaser (mL, mL/s) 


No 


No 


No 


Delay (s) 


10 (central) 

or 15 (peripheral) 

access 


10 (central) 

or 15 (peripheral) 

access 


10 (central) 

or 15 (peripheral) 

access 



* Limited use for pediatric CHD cases. 



In pulmonary atresia with ventricular sep- 
tal defect (absence of development of the 
right outflow tract and pulmonary valve) 
the pulmonary blood supply is provided by 
aorticopulmonary arteries (MAPCAs) or a 
patent ductus arteriosus. Several important 
aspects can be assessed using MSCT, such as 
the status of pulmonary arteries including 
size, exclusion of pulmonary artery stenosis 



[1, 2]. Evaluation of MAPCA should include 
their number and location, the assessment 
of a patent ductus arteriosus, and exclusion 
of usually proximal stenosis. Also, their po- 
sition in relation to the central airways (in 
front of or behind) should be assessed and 
is essential for surgical planning. Coronary 
artery abnormalities can be detected non- 
invasively using thin collimation MSCT 
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Table 5.2. Examples of kV and mAs settings in pediatric protocols depending on the infant weight 



Patient's weight 


Tube kilovoltage 

(kV) 


Tube current time product 
(mAs) 


Pitch corrected 
tube current time 
product (eff. mAs) 


Newborn-3 kg 


80 


25 


37.5 (at pitch of 1.5) 


20 kg 


80 


65 


100 (at pitch of 1.5) 








150 (at pitch of 1.5) 



(please see the chapters on coronary imag- 
ing in this book) and may include variations 
such as a left anterior descending artery 
originating from right coronary artery, a 
doubled left anterior descending (LAD) (an- 
terior and posterior), or others. 

Fallot's tetralogy (right ventricular out- 
flow tract stenosis associated with ven- 
tricular septal defect, overriding aorta, and 
right ventricle hypertrophy) is the most 
common cyanotic cardiac disease. Various 
aspects such as the right ventricular en- 
largement can be followed using Doppler, 
echocardiography, or MSCT. Pulmonary 
insufficiency must therefore be excluded. 
In Fallot's tetralogy the status of pulmonary 
arteries (including size, especially regard- 
ing dilatation caused by pulmonary artery 
stenosis and ventricular size, if not deter- 
mined by ultrasound) must be assessed. 

If a transposition of great arteries (aorta 
arises from right ventricle and pulmonary 
artery arises from left ventricle) is present, 
MSCT may play a role in follow-up. The 
transposition of great arteries is generally 
treated surgically by the switch interven- 
tion, with reimplantation of the coronary 
arteries. 

A double aortic arch (Fig. 5.1) is the per- 
sistence of both left and right aortic arch, 
responsible for an aortic ring. The ascend- 
ing aorta lies in front of the trachea, passes 
the trachea on either side and then fuses 
again the posterior to the esophagus. CT 
can help evaluate the size of both arches, 
and the anatomic relationship of each arch 
to trachea and esophagus. 

An aortic coarctation (Fig. 5.2) is a rela- 
tively common anomaly and can be de- 




Fig. 5.1. Severe respiratory distress in a newborn. 
MSCT using VRT shows clearly a complete double 
aortic arch responsible for tracheal compression 
(5-month-old patient, 5 kg). VRT displaying both 
airways and vascular structures show clearly the 
compression of the trachea (arrow) by the right 
aortic arch. RAA: right aortic arch, LAA: left aortic 
arch, T: Trachea, RMB: right main bronchus 



scribed as a narrowing of the aortic lumen 
at the level of the aortic arch. The term co- 
arctation refers to an infolding of the pos- 
terolateral wall in the region of the ductus 
arteriosus insertion (adult form), or proxi- 
mal to the insertion in which case it is then 
usually named infantile coarctation. CT 
helps to determine the degree of stenosis 
as well as the collateral flow patterns, pres- 
ence of thrombus, or associated anomalies. 
Variations of anomalous pulmonary ve- 
nous return (Fig. 5.3) are seen if an absence 
of connection of at least one of the pulmo- 



I Technical and Dose Considerations 




Fig. 5.2. Aortic coarctation in a 1-month- 
old baby. Total interruption of the aortic arch 
was suspected after echocardiography. MSCT 
showed long stenosis of aorta with postductal 
severe narrowing {arrow). Ao: Aorta, LCA: left ca- 
rotid artery, LSCA: left subclavian artery 



Fig. 5.3. MSCT image of a total abnormal left 
venous return in a 25-year-old man with dys- 
pnea. All left pulmonary veins {arrows) are 
connected to the innominate vein. Ao: Aorta, 
PA: pulmonary artery, IV: innominate vein 



nary vein to the left atrium occurs. 3D vi- 
sualization of anomalous venous return 
should be performed, and the distance of 
the vein from left atrium needs to be evalu- 
ated before surgical treatment decision 
making. 

5.5 Dose Issues 

In general, we use 80 kV for thorax imaging 
of all children [3, 4]. We use 80 kV for tho- 
rax imaging of children weighing less than 
60 kg [5]. Only if the weight of the child 
exceeds 60 kg, is the KV switched from 80 
to 100 kV. Regarding the optimized rota- 
tion time, we always use the fastest possible 
speed in nongated acquisition, for example, 
in the 16-slice case: 0.42 s (0.37 s if appli- 
cable), and 0.33 s for the 64-slice CT. For 
the different weight groups of the pediatric 
population sample values of tube voltage 
and tube current time product, examples of 
our actual values are given in Table 5.2. 
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6.1 Introduction 

Multislice or multiple detector-row CT 
(MDCT) technology continues to rapidly 
evolve; acquisition times have become sub- 
stantially faster when 4-, 8-, 16-, and now 
64-channel systems are compared. While 
fast acquisitions at unprecedented spatial 
resolution offer new opportunities in car- 
diovascular CT and body imaging, contrast 
material (CM) delivery becomes more dif- 
ficult and less forgiving at the same time. 

Several traditional concepts of CM in- 
jection for CTA that were conceived em- 
pirically in the single-detector row CT era 
do not hold true for faster scan times. For 
example, the assumption that a constant- 
rate intravenous injection of CM leads to an 
arterial enhancement plateau is simply not 
(and never was) true. Second, the ballpark 
rule to chose an injection duration equal to 
the scanning time works well for long scan 
times (>20 s or so), but obviously cannot be 
used for a 4 s or shorter acquisition time. 
Finally, the appealing idea that faster scans 
will naturally result in better arterial en- 
hancement is not true either - the opposite 
is actually the case: faster scanners tend to 
result in lower arterial opacification if one 
applies traditional injection concepts. On 
the other hand, some well-established con- 
cepts with respect to parenchymal organ 
enhancement - such as the relationship of 
normal liver parenchymal enhancement 
being proportional to the total contrast 
medium volume administered - have not 
changed recently and will not change in the 
foreseeable future, even with the fastest of 
scanners. 

The main purpose of this chapter is thus 
to explain the fundamentals of arterial 



and parenchymal enhancement in order to 
allow the reader to design his or her own 
strategy of contrast medium delivery. Such 
strategies are primarily tailored to the scan 
time, not specifically to a scanner genera- 
tion, and require knowledge of the physi- 
ologic and pharmacokinetic principles of 
arterial and/or parenchymal enhancement, 
and knowledge of the effects of user-select- 
able injection parameters. 

6.2 Principles of Arterial 
and Parenchymal 
Enhancement 



6.2.1 Early Arterial Contrast 
Medium Dynamics 

For a given individual, arterial enhance- 
ment is determined by the iodine adminis- 
tration rate (iodine flux) and the injection 
duration (Fig. 6.1). The iodine administra- 
tion rate is directly proportional to arte- 
rial enhancement. Thus, an increase in the 
injection rate and/or a higher iodine con- 
centration of the contrast medium directly 
translates into increased vascular enhance- 
ment. Furthermore, arterial enhancement 
continuously increases over time with 
longer injection durations. It follows that 
shorter injection durations lead to lower 
arterial enhancement [1]. The basic rules of 
early arterial contrast medium dynamics 
can be summarized as follows: 

1. Arterial enhancement is directly pro- 
portional to the iodine administration 
rate (iodine flux), and can be controlled 
by the injection flow rate (mL/s) and the 
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Fig. 6.1. Relationship between contrast medium injection and arterial enhancement. The simple 
additive model illustrates the effects of the injection flow rate (iodine flux) and injection duration on 
arterial enhancement, a Intravenous contrast medium injection causes b an arterial enhancement 
response, which consists of an early first pass peak and a lower recirculation effect, c Doubling the 
injection flow rate (doubling the iodine administration rate) results in d approximately twice the 
arterial enhancement, e The effect of the injection duration can be regarded as f the sum (time inte- 
gral) of several enhancement responses. Note that due to the asymmetric shape of the test enhance- 
ment curve and due to recirculation effects, arterial enhancement following an injection of 128 mL 
(the time integral of eight consecutive injections of 16 mL) increases continuously over time 



iodine concentration of the contrast me- 
dium (mg I/mL). 

2. Arterial enhancement continuously in- 
creases over time with longer injection 
durations, due to the cumulative effects 
of bolus broadening and recirculation. 
Thus, increasing the injection duration 
also improves vascular opacification. 

3. The strength of an individual's enhance- 
ment response to intravenously admin- 
istrated CM is controlled by and inverse- 
ly related to cardiac output and central 
blood volume, and correlates inversely 
with bodyweight. 



6.2.2 Enhancement 

of Normal Liver Parenchyma 

Parenchymal enhancement results not only 
from opacification of blood vessels, but also 
from CM distribution into the extravascu- 
lar, extracellular interstitial space [2]. The 
dynamics of hepatic CM enhancement is 
also influenced by the dual blood supply of 
the liver, with the majority of hepatic blood 
flow (approximately 80%) derived from the 
portal venous system, where any CM bolus 
is substantially broadened (and delayed) 
within the splanchnic vasculature. 
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Hence, the enhancement of normal liver 
parenchyma is much lower than vascular 
enhancement and also peaks much later 
than arterial enhancement (approximately 
40 or 50 s). Enhancement of normal liver 
parenchyma - and thus the contrast to low- 
attenuation liver lesions - is rather inde- 
pendent of the injection flow rate, but it is 
directly proportional to the total amount of 
CM. As a rule of thumb, 600 mg of iodine 
per kilogram of bodyweight achieves ad- 
equate hepatic parenchymal enhancement. 

With faster scanners, correct tim- 
ing is becoming increasingly important 
for phase-selective imaging, but the total 
amount of CM must not be changed. 



6.2.3 Enhancement 

of Hypervascular Liver Lesions 
and Well-Perfused Organs 

The enhancement dynamics of so-called 
hypervascular liver lesions is fundamen- 
tally different when compared to normal 
liver parenchyma (Fig. 6.2). Such lesions 
are characterized (among others) by their 
systemic arterial blood supply and their 
enhancement dynamics are comparable to 
splenic rather than normal liver parenchy- 
mal enhancement. Because of their intimate 
relationship to arterial contrast dynamics, 
the enhancement of hypervascular liver le- 
sions can be controlled by the same param- 
eters that affect arterial enhancement. 

Hence, maximum lesion-to-background 
contrast in the setting of hypervascular 
liver lesions, can be achieved by maximiz- 
ing the iodine flux (by using high injection 
flow rates and/or high iodine concentration 
of the CM), and selecting an appropriately 
long scanning delay (relative to the contrast 
medium transit time tcMT> see below). The 
goal is to ensure strong lesion opacifica- 
tion before the onset of normal parenchy- 
mal enhancement. This particular phase of 
enhancement is commonly referred to as 
the late arterial phase, and occurs approxi- 
mately 10 to 15 s after CM arrival in the aor- 
ta [3]. Note that at that time the portal vein 
branches will be slightly opacified - hence 
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Fig. 6.2. Early contrast medium dynamics of the 
liver. Hepatic vascular and parenchymal time-at- 
tenuation curves modeled for an injection du- 
ration of 20 s. Normal hepatic parenchymal en- 
hancement (•) is comparably low and delayed 
relative to enhancement of the portal vein ( — ). 
The enhancement of a hypervascular liver lesion 
(O) follows arterial enhancement ( — ), and thus 
slightly precedes portal venous and hepatic 
parenchymal enhancement. The early arterial 
phase (A1) begins immediately after the con- 
trast medium transit time (tcMi). The late arterial 
phase (A2) begins 10-15 s after the tcivu and pro- 
vides the best contrast between hypervascular 
liver lesion and normal liver parenchyma. The 
parenchymal phase occurs approximately 40 s 
after the tcivu 



the alternative term portal venous inflow 
phase (Fig. 6.2). 

The enhancement kinetics of other solid 
organs, such as the pancreas, also follow 
arterial dynamics, with an additional delay 
necessary to opacify the interstitial spaces 
of the organ of interest. Pancreatic imaging 
thus also benefits from high iodine-flux 
and accurate timing relative to tcMT> but 
also improves with larger CM volumes. 



6.3 Contrast Medium Transit Time 

(tavn-) and Individual Scan Timing 

The time interval for an intravenously in- 
jected bolus of CM to appear in the arterial 
territory of interest is generally referred to 
as the contrast medium transit time (tcMi). 
In patients with cardiocirculatory disease, 
the scanning delay needs to be individual- 
ized relative to the patient's tcMT- The tcMT 
can be determined either by using a test bo- 
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lus injection or by using automated bolus 
triggering techniques. 

Traditionally, the scanning delay in CTA 
studies has been chosen to equal a patient's 
tcMT- However, with faster scan times and 
shorter injection durations, this is not 
necessarily the best strategy. Instead, a 
patient's tcMT may be used as an individual 
landmark, with an additional time delay 
(diagnostic delay) before initiation of CT 
data acquisition. For example, a scanning 
delay of tcMT+8 s means that scanning be- 
gins 8 s after arrival of the bolus in, e.g., a 
patient's aorta. 

The same also applies to phase-selective 
abdominal imaging protocols: The tcMT (as 
determined by a test-bolus or bolus trig- 
gering technique) serves as an individual 
landmark for optimized timing of, e.g., 
an early arterial (tcMT+2 s), late arterial 
(tcMT+15 s), or a pancreatic (tcMT+20 s) CT 
acquisition. 

6.4 Caveats of Automated 
Bolus Triggering 

Automated bolus triggering has the ad- 
vantage that it does not require a separate 
test-bolus injection for individualizing the 
scanning delay. It is important to be aware 
of the fact, however, that the use of automat- 
ed bolus triggering inherently increases the 
scanning delay relative to the tcMT obtained 
with the test-bolus technique. This is due 
to technical factors, such as the sampling 
interval for the monitoring slices, image 
reconstruction time, and a minimal delay 
required for changing the collimation and 
table repositioning after reaching the pre- 
defined threshold of opacification within 
the target vessel. Furthermore, when a pre- 
recorded breath-hold command is used in 
conjunction with bolus triggering, this may 
further delay the initiation of CT data ac- 
quisition. 

While an increase of the scanning de- 
lay for a few seconds improves rather 
than deteriorates arterial enhancement, 
the main problem with bolus triggering 
is that its inherent delay is not necessarily 
obvious to the user - and that it may dif- 



fer substantially between scanner models 
and manufacturers. The obvious solution 
is to identify the inherent delay associated 
with bolus triggering for a given scanner 
model and factor this slight delay into the 
injection duration. So, for example, if bo- 
lus triggering results in an 8-s increase in 
the scanning delay relative to the true tcMT> 
the injection duration needs to be 8 s longer 
than the scan time. 



6.5 Double-Barrel Power 
Injectors 

and Saline-Flushing 

The latest models of power injectors are 
equipped with two syringes, which can be 
filled with CM and normal saline, respec- 
tively. Routine flushing of the arm veins 
after CM injection improves CM utilization 
and slightly prolongs and increases arterial 
enhancement. Furthermore, saline-flush- 
ing may reduce perivenous streak artifacts 
in cardio-thoracic CT. Saline flushing is 
relatively more important when small 
amounts of contrast or high-concentration 
agents are being used. 

Some injector models allow the simul- 
taneous injection of saline and CM, which 
can be used to chase a full bolus with di- 
luted CM. This may be useful for cardiac 
imaging because it maintains a minimum 
opacification for delineating the right ven- 
tricular cavity. 

6.6 Avoiding the Valsalva 
Maneuver 

Central venous blood flow is subject to in- 
trathoracic pressure changes due to respi- 
ration [4]. In the setting of CM-enhanced 
CT this may be particularly harmful if a 
patient performs an ambitious Valsalva 
maneuver during breath holding. During 
a Valsalva maneuver, the intrathoracic and 
intraabdominal pressures increase, which 
causes a temporary interruption of venous 
return from the head and upper extremity 
veins (where CM is usually injected), and a 
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Fig. 6.3. Detrimental effect of Valsalva ma- 
neuver on pulmonary arterial enhancement. 
Oblique thin-slab MIP image of pulmonary CT 
angiogram of a 49 -year- old man with suspected 
pulmonary embolism. The patient performed a 
strong Valsalva maneuver during breath hold- 
ing for the CT acquisition, which was obtained in 
the caudocranial direction. Note that while CM 
is still being injected at the end of the study, as 
seen in the superior vena cava (SVC), and while 
there is good opacification of the aorta (AO) and 
pulmonary veins (PV), the opacification of the 
pulmonary arterial (PA) tree is nondiagnostic to 
rule out pulmonary embolism 



temporary increase of (unopacified) venous 
blood flow from the inferior vena cava. The 
effect of this flow alteration is a temporary 
decrease of vascular opacification in the de- 
pendent territories, such as the pulmonary 
arterial tree, but also in the arterial system. 
In some cases (and notably with fast scan- 
ners) this may cause nondiagnostic opacifi- 
cation of the entire pulmonary arterial tree 
(Fig. 6.3). 

It is thus important that the technologist 
explains to the patient not to "bear down" 
during breath holding, and/or advise him 
or her to keep the mouth open during 
breath holding. Minor respiratory motion 
artifacts are less harmful for pulmonary 
CTA interpretation than insufficient opaci- 
fication. 

As a side note, it is also preferable that 
a test bolus injection is performed during 



shallow respiration rather than during 
breath holding, because this better reflects 
the early flow dynamics of a subsequent 
CTA. 



6.7 Injection Strategies for CTA 

Before considering specific injection strate- 
gies for CTA it is helpful to adopt the way 
of thinking about CTA injection protocols. 
Injection protocols (and of course the sub- 
sequent arterial enhancement) have a time 
dimension and thus should be understood 
as injection rate and injection duration 
rather than as injection volume and injec- 
tion rate (the injection volume is not an im- 
portant parameter in the setting of CTA, in 
contrast to parenchymal imaging). 

The initial step in the design of injection 
protocols for CTA is then to consider the 
anticipated scan time. For slow acquisitions 
(in the range of 20 s or longer), traditional 
protocols yield reliable arterial enhance- 
ment. For example, one can use a stan- 
dardized injection (e.g., 1.2-1.5 g I/s for an 
average individual) for the duration of the 
scan time. The scanning delay is set to the 
patient's tcMT- Higher or lower flow rates 
(±20%) should be used in larger (>90 kg) 
and smaller (<60 kg) patients, respectively. 
With long scan times, biphasic or multipha- 
sic injections lead to more uniform arterial 
enhancement over time [5,6]. 

For fast acquisitions (in the range of 
10 s), the injection parameters and the 
choice of the scanning delay need to be 
adopted in order to achieve adequate ar- 
terial enhancement. Based on the first 
two rules of early contrast medium dy- 
namics, one can apply two strategies to 
increase arterial enhancement for fast 
acquisitions - alone or in combination 
(Fig. 6.4): One can (1) increase the iodine 
flux (grams of iodine injected per unit of 
time), which will translate into a propor- 
tionally stronger enhancement. The io- 
dine flux, as mentioned earlier, can be in- 
creased by the selection of a higher iodine 
concentration of the contrast medium, 
and/or by increasing the injection flow 
rate (Fig. 6.1). In addition, one can (2) 
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Fig. 6.4. Strategies to improve arterial enhancement for fast MDCTA. Two strategies to increase 
arterial enhancement when compared to a baseline 16-s injection at 4 mL/s {upper left panel) can be 
employed - either alone or in combination. Increasing the injection rate from 4 to 5 mL/s increases 
the enhancement approximately 20% {lower left panel). Increasing the iodine concentration from 300 
to 400 mg/mL would achieve an even greater enhancement increase, without the need to increase 
the injection rate. Alternatively, one can also increase the injection duration and the scanning delay, 
taking advantage of the fact that enhancement increases with longer injection durations {right up- 
per panel). Maximum enhancement can be achieved when both the injection rate (and/or the iodine 
concentration) as well as the injection duration are increased {right lower panel) simultaneously 



also increase the scanning delay relative 
to a patient's tcMT- This will also increase 
arterial enhancement, because of the con- 
tinuing rise of opacification with longer 
injection duration. It is crucial, however, 
to also increase the injection duration in 
this case, because otherwise the arterial 
enhancement would not be maintained 
long enough [7]. 

For very fast acquisitions (equal to or less 
than 5 s), if one extends the example shown 
in Fig. 6.3, to a scan time of only 4 s, the so- 
lution is again to increase the iodine flux 
(to 2 g/s), and to increase both the scanning 
delay and the injection duration e.g. by 8 s. 
Specifically, this would translate into using 
a flow rate of 5 mL/s with 400 mg/mL CM, 
injected for 12 s (4+8), with a scanning de- 
lay of tcMT+8 s. 



Another truism which should not go un- 
noticed at this point is that one does not 
necessarily have to use the latest scanners 
at their maximum acquisition speed. Not 
only is this unnecessary, it may even be 
detrimental, because a very fast acquisi- 
tion speed may not allow complete and suf- 
ficient opacification of a diseased arterial 
tree. This has been observed in mesenteric 
CTA and, most noticeably, in peripheral 
(lower extremity) CTA. For example, our 
current protocol for lower extremity CTA 
using a 64-channel scanner uses small pitch 
and slow gantry rotation settings aiming at 
a scan time of as long as 40 s for all patients, 
in order to prevent outrunning the bolus. 
The fixed scan time of 40 s is combined 
with biphasic injections with a total injec- 
tion duration of 35 s. 
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6.8 Injection Strategies for Liver 
and Parenchymal Imaging 



Because of the rapid acquisition times, 
MDCT allows a precise separation of differ- 
ent enhancement phases of the liver (early 
arterial, late arterial, and parenchymal). 
This is particularly important in the setting 
of suspected or known hypervascular liver 
lesions. The enhancement of hypervascular 
liver lesions follows arterial enhancement 
(Fig. 6.2). As a result, the lesion-to-back- 
ground contrast can be maximized by in- 
creasing the iodine flux, and by timing the 
acquisition to the late-arterial phase of he- 
patic enhancement, which commences ap- 
proximately 10 to 15 s after CM arrives in 
the aorta/hepatic artery [8]. The faster the 
CT acquisition, the longer the delay. 

For imaging low-attenuation liver le- 
sions, it is important to administer a suf- 
ficient total iodine dose (e.g., 600 mg/kg 
bodyweight), similar to what has been used 
in the past, with single detector-row CT. 
Also, timing is less critical, with a scanning 
delay of approximately 60-70 s after the 
beginning of the injection, or 40-50 s after 
CM arrival in the aorta. More specific pro- 
tocol suggestions for hepatic and abdomi- 
nal imaging are provided in the following 
chapters. 
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7.1 Indications for PET/CT [1] 

• Oncology: tumor detection and staging, 
therapy control 

• Inflammation: search for occult inflam- 
matory focuses 

• Cardiac: myocardial viability, perfusion 
and function 

• Neurology: selected neurodegenerative 
or inflammatory disorders, brain tu- 
mors and intractable epilepsy 

• Vascular: detection of active athero- 
sclerosis or vulnerable plaques (work in 
progress) 

7.2 Introduction 

Multidetector row CT (MDCT) has the 
capability to deliver excellent morpho- 
logical imaging of almost every body sec- 
tion. Combining MDCT techniques with a 
functional imaging modality such as posi- 
tron emission tomography (PET) or single 
photon emission computed tomography 
(SPECT) can add functional information 
to high-resolution morphological imag- 
ing. The combined acquisition of MDCT 
together with PET or SPECT in the same 
session and using the same scanner system 
has several advantages compared to using 
single modality scanners at two different 
time points. 

One advantage is that the combined 
acquisition generates coregistered image 
data; each image voxel of the CT scan has 
a certain corresponding voxel in the PET 
or SPECT examination. Data derived from 
a combined system is superior to offline 
fused-image data from two separate sys- 



tems because the patient is positioned dif- 
ferently in two separate investigations on 
separate systems [2]. 

Another advantage is that the data from 
the CT scan can be used for attenuation 
correction of the functional modality. PET 
or SPECT are both nuclear emission scans 
using radioactive tracer pharmaceuticals. 
Emission undergoes attenuation when pene- 
trating the body tissue to the surface. This 
leads to a considerable attenuation of emis- 
sions if originating from central parts of 
the body compared to emissions originated 
from peripheral locations. In standalone 
PET or SPECT scanners a rotating radiation 
source containing radioactive material is 
used to obtain a low-quality transmission 
attenuation map for attenuation correction 
that can take up to 2 h of acquisition time 
when performing whole body scanning. In 
combined systems the CT scan can be used 
as an attenuation map for correction of the 
emission scan and can reduce scan time 
tremendously compared to external-source 
attenuation correction because a MDCT 
scan typically has an acquisition time of no 
more than a minute. 

Today most combined systems are PET/ 
CT systems rather than SPECT/CT systems. 
PET delivers a higher spatial resolution of 
typically 5 mm compared to SPECT with 
typically 20 mm. Both resolutions are, of 
course, inferior to the resolution derived 
from CT scanners with less than 1 mm res- 
olution. Since the introduction of combined 
PET/CT systems, vendors have noticed a 
considerably lower demand for standalone 
PET scanners. It is estimated that 99% of all 
PET scanners sold in 2005 will be combined 
PET/CT systems. 
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Table 7.1 . Indications for PET and PET/CT and the appropriate tracer substances 



Oncology 


Standard PET, most widely used 


[ 18 F]-Fluoro-deoxyglucose (FDG 


> 




High resolution bone scan 


Fluorine 18 F 






Prostate cancer 


["Cl-Choline 






Some FDG-negative tumors 


0-(2-[ 18 F]-Fluoroethyl)-L-tyrosine 

([ 18 F]-FET) 






Tumor hypoxia (e.g., prior to radia- 
tion therapy) 


[ 18 F]-Fluoromisonidazole 
([ 18 F]-FMISO) 




Inflammation 


Search for inflammatory focuses 


[ 18 F]-Fluoro-deoxyglucose (FDG) 




Cardiac 


Myocardial viability 


[ 18 F]-Fluoro-deoxyglucose (FDG) 

or 

82 Rb 

or 

[ 62 Cu]-Pyruvaldehyde-bis- 

[4N-thiosemicarbazone] (PTSM) 






Myocardial perfusion 


Water H 2 15 

or 

Ammonia 13 NH 3 






Myocardial function, dynamic ac- 
quisition 


[ 18 F]-Fluoro-deoxyglucose (FDG) 




Neurology 


Neurodegenerative 


[ 18 F]-Fluoro-deoxyglucose (FDG) 






Brain tumors 


[ 18 F]-Fluoro-deoxyglucose (FDG) 

or 

0-(2-[ 18 F]-Fluoroethyl)-L-tyrosine 

([ 18 F]-FET) 






Epilepsy 


[ 18 F]-Fluoro-deoxyglucose (FDG) 




Vascular 


Active atherosclerosis or vulnerable 
plaques 


[ 18 F]-Fluoro-deoxyglucose (FDG) 





7.3 Indications 

and Radiopharmaceuticals 

Depending on the indication different ra- 
diopharmaceuticals are used as a tracer 
substance (Table 7.1). All radionuclides 
mentioned in Table 7.1, except for 82 Rb and 
62 Cu, which are generator products, must 
be produced in a cyclotron and delivered to 
the PET/CT site in reasonable time because 
of their fast decay. The half-life of 18 F is 
109.8 min; that of n C is 20 min. Tracer sub- 
stances have to be labeled with the radionu- 
clides to generate a radiopharmaceutical. 

After injection of the radiopharmaceu- 
tical an in vivo beta + decay emits a posi- 
tron and a neutrino. The emitted positron 



and an electron from some other atom in 
the body tissue undergo a nuclear reaction 
in which both subatomic particles are de- 
stroyed and two gamma rays with an ener- 
gy of 511 keV are emitted in opposite direc- 
tions. These gamma rays are then detected 
by the PET scanner and the exact location 
of the nuclear reaction can be determined. 
Locally increased tracer uptake causes a lo- 
cal increase of radiation emission, which 
subsequently causes a hotspot in the images 
reconstructed from PET emission data. 

[ 18 F]-FDG is the most widely used PET 
radiopharmaceutical (Fig. 7.1). It is trans- 
ported via the selective GLUT-1 glucose 
transporter into the cells. There, the FDG 
is phosphorylated similarly to normal glu- 
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Fig. 7.1 . Glucose and FDG. To label glucose an OH group is replaced by an 18 F atom 




Fig. 7.2 



Transport of FDG into the cell by GLUT1 -transporter and intracellular trapping 



cose. Enzymes involved in further glucose 
metabolism are very substrate-specific. 
They do not support FDG as a substrate, 
therefore the FDG can not leave the cell 
nor can it undergo further metabolism 
(Fig. 7.2). It is trapped in the cell until it 
decays. Expression and activity of GLUT-1 
transporters is highly regulated. Malignant 
tumor cells, activated white cells, myocar- 
diocytes and some nervous cells show an 
increased FDG-uptake. Therefore, FDG- 
PET can detect malignomas or inflamma- 
tion (infectious as well as noninfectious 
such as active atherosclerosis) and show 
changes in metabolism in the brain or the 
heart muscle. In oncology most malignant 
tumors show an increased FDG-uptake 



compared to nonaffected tissues. Renal cell 
carcinomas, prostate cancer or hepatocel- 
lular carcinomas as well as some soft tissue 
tumors do not show a reliable FDG-uptake. 
In these tumor entities FDG-uptake is de- 
pendent on the grade of differentiation. 
Less differentiated tumors show higher 
FDG-uptake. These tumors can be assessed 
by alternative radiopharmaceuticals. 

7.4 Protocols 

and Patient Preparation 

Patients undergoing FDG-PET imaging 
should have fasted six hours prior to the 
examination. Beverages containing carbo- 
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Fig. 7.3. Male patient suffering from metastatic disease. The first PET scan {upper row) was acquired 
after the patient had breakfast, but told the investigators that he had fasted. PET scan showed only 
minor tumor activity (one hot spot in the mediastinum) while the CT showed large masses. After 
more intensive questions he admitted to his meal. Four days later a second PET scan was performed 
after fasting, which showed the realistic tumor metabolism with many mediastinal masses and pul- 
monary and hepatic metastasis 



hydrates such as sugar should also not be 
consumed six hours prior to the examina- 
tion. Diabetics should be prepared to have 
normoglycemic blood glucose levels. Be- 
fore FDG-injection the blood glucose level 
should be checked in every patient because 
increased glucose levels can cause a false 
negative FDG-PET (Fig. 7.3). 

After intravenous injection of 200 MBq 
FDG, 20 mg of Furosemid and 20 mg of bu- 
tyl scopolamine followed by a saline flush 
should be injected. Then the patient should 
undergo a 45- to 60-minute period of rest in 
which the tracer is taken up into the cells. 
In certain tumor entities, such as sarcoma, 
the period of rest should be 90 min due to 
the slow FDG-uptake of these tumors, and 
more radioactivity, e.g., 270 MBq, should 
be injected to compensate for the longer 
decay before acquisition. Muscular activ- 
ity should be avoided after FDG-injection 
because it leads into an increased glucose 
uptake into the muscles and can compro- 
mise readability [3] of the PET scan and 
increase exposure to radiation. The sco- 
polamine that should be injected together 



with the FDG avoids a first-pass uptake of 
the tracer in nonskeletal muscles. The Fu- 
rosemid increases the urinary elimination 
of FDG, which has not been taken up into 
the cells and rinses the bladder with urine 
before PET acquisition. Therefore patients 
should empty the bladder before the PET 
scan. High amounts of radioactivity in the 
bladder can compromise the detection of 
hot spots in the pelvis, such as a rectum 
carcinoma. With non-FDG tracers Furo- 
semid and scopolamin do not have to be 
administered. Contraindications, such as 
glaucoma or benign prostate hyperplasia 
to scopolamin and decreased blood potas- 
sium levels or cardiac insufficiency to Fu- 
rosemid, must also be observed. 

Acquisition of the PET/CT should be 
started with a topogram to plan the desired 
target volume identically to conventional 
MDCT. A standard oncological PET rang- 
es from the base of the skull down to the 
middle of the upper leg. For special indi- 
cations, the scan range can be enlarged to 
the full body, such as in melanoma, which 
can cause satellite lesions in any part of the 
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Table 7.2. Scan parameters for CT in PET/CT. Parameters may vary between different vendors or 
scanners with different numbers of detector rows 





Low dose CT(CTAC) 


Diagnostic CT 


CT angiography 


Collimation 


5 mm 


1 to 5 mm 


1 mm 


Pitch 


1.5 


^| 


1.5 


kVp 


120 


120 


100 


Tube current 
time product 
(mAs( 


30-90 


180-300 


150-330 


Pitch cor- 
rected tube 
current time 
product 
(eff. mAs) 


20-60 


120-200 


100-220 


Recon. 
algorithm 


smooth 


Dependent on 
indication 




Slice thickness 


5 mm 


1 to 6 mm 


1.25 


Slice 
increment 


5 mm 


Identical to slice 
thickness. Overlapping 
forMPR,etc. 


0.8 mm 


Field of view 


Identical to physical 
PET axial FOV 


Adapted to body size 


Adapted to target 
volume 


Contrast 


None 


120ccat3cc/s 


120ccat5cc/s 


Postprocess- 


Used for CTAC 


Coronal and sagittal 
MPRs 


MIP dependent on 
indication 



skin [4], or the scan range can be mini- 
mized, for example, in therapy control of 
a certain, previously detected index lesion. 
A low-dose spiral CT acquisition has to be 
performed prior to the PET scan to generate 
the attenuation correction map (CTAC) for 
the PET emission scan (see Table 7.2 for ap- 
plicable scan parameters). The PET emis- 
sion scan should be acquired in a 3D mode 
if available. While the CT is acquired in a 
spiral mode with continuous table move- 
ment, the PET is recorded with incremen- 
tal, sequential table positions. Reasonable 
acquisition times for a single table position 
are 2 to 3 min. z-Axis fields of view (FOV) 
in PET scanners are between 10 and 20 cm. 
The table increment for 3D -acquisition 
should allow an overlap between adjacent 
table positions to improve image quality. 
Reasonable table increments for an 18-cm 
z-axis FOV 3D PET scanner are 10 to 12 cm. 



The PET should be reconstructed with and 
without attenuation correction using an 
image matrix of at least 144x144 pixels. 

Depending on the indication, a diag- 
nostic normal-dose CT scan with contrast 
enhancement or a CT-angiography can be 
performed after the PET emission scan (see 
Table 7.2 for applicable scan parameters). 
The patient should undergo all parts of the 
examination in shallow breathing. 

Scan parameters for the CT scan should 
always be adapted to the specific target 
volume and body size. For scanning the 
neck and thorax only, the mAs can be re- 
duced compared to an abdominal scan. 
Slim patients need a lower dose than obese 
patients. PET/CT scanning is a high-dose 
examination, especially when doing whole 
body scanning combined with diagnostic 
CT or CT angiography (see Table 7.3) and 
indication should be established very care- 
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Table 7.3. Average effective radiation exposure for both sexes in PET/CT. Parameters may vary 
significantly between different vendors or different scan parameters 






Effective dose (mSv) 
(200 MBq FDG) 


_ 


Effective dose (mSv) 
(300 MBq FDG) 




Topogram 


<0.1 




<0.1 




Low-dose CT (CTAC) 


4 












Whole-body CT 


13.9 




13.9 




Total 


21.8 




23.7 




* > 




Fig. 7.4. Patient status post resected colon cancer and radio-frequency ablation (RFA) of a liver me- 
tastasis and again rising tumor markers. PET/CT shows an avital, successfully treated liver lesion ven- 
trally in the liver and a new, centrally located liver metastasis with tumor metabolism. Proving that 
the first treated metastasis is avital PET enables RFA treatment of the second metastasis. CT alone 
could not reliably show which lesions are left to treat 




• 




Fig. 7.5. CT shows an indeterminate pulmonary nodule. Negative FDG-PET shows nonmalignant 
etiology 
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Fig. 7.6. CT shows an indeterminate pulmonary nodule. Positive FDG-PET shows malignoma 






Fig. 7.7. PET/CT shows realistic extension of vital tumor tissue after neoadjuvant chemotherapy of 
lung cancer prior to surgery 



fully especially in younger patients or in 
patients not suffering from a malignant 
disease. 



7.5 Evaluation 

PET/CT reading is the reading of coregis- 
tered PET and CT data. Coregistered data 
means that for any displayed image of one 
modality, a corresponding image with the 
same FOV, slice position, and plane orien- 
tation can be displayed. Simultaneously 
scrolling through both datasets is possible 
and every finding can be at the same time 
evaluated in both modalities. Addition- 
ally, an image fusion [5] can be achieved 



by superimposing color-coded PET data 
to grayscale CT data (Fig. 7.4) showing the 
metabolic activity of any CT-detected le- 
sion. Using the PET in addition to the CT 
data can help to distinguish between be- 
nign and malignant lesions, such as in in- 
determinate pulmonary nodules (Figs. 7.5 
and 7.6) [6]. Three-dimensional viewing 
is standard when evaluating PET/CT data. 
To quantify tracer uptake in PET/CT the 
standardized uptake value (SUV) can be 
calculated. The SUV is dependent on body 
size and weight of the patient, the specific 
amount of radioactivity detected in the 
target lesion, the amount of radioactivity 
administered, the half-life of the radionu- 
clide used and the time after injection. In 
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Fig. 7.8. CT as well as PET show the effect of chemotherapy in a patient suffering from lymphoma. 
While the CT documents the decrease in size, FDG-PET exhibits the decrease in tracer uptake 



T 
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Fig. 7.9. PET on the left shows primary left side breast cancer as well as multiple metastases prior 
to chemotherapy. PET on the right shows early effect of chemotherapy: only the primary shows 
persistent tumor metabolism 
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Fig. 7.10. PET/CT used for radiation therapy planning. CT shows tumor mass and suspicious lymph 
nodes. PET shows tumor but rules out affection of hilar lymph node and enables a more targeted 
therapeutic approach 




Fig. 7.11. C11-Choline PET/CT shows an example of prostate cancer and iliac lymph node metas- 
tasis 



FDG-PET, an SUV of more than 2.5 is sus- 
picious and of more than 3.0 is typical of 
malignoma. 

PET/CT can help to determine still vital 
tumor portions after neoadjuvant chemo- 
therapy and to limit surgery to the still vi- 
tal portions of the tumor. It can also show 
that the disease is now operable (Fig. 7.7). 
PET/CT combining morphological and 
functional assessment is the ideal modality 
to monitor therapy response (Fig. 7.8) [7]. 
PET can show response to chemotherapy 
very early (Fig. 7.9) and can help to change 



an ineffective regimen as early as possible 
while remaining lesions can be accurately 
localized in CT to plan further therapy such 
as by radiation or surgery. PET/CT data can 
be used to plan radiation therapy (Fig. 7.10) 
and can help to limit the target volume to 
vital parts of the tumor or affected lymph 
nodes. Alternative tracers to FDG can 
be evaluated similarly to FDG (Fig. 7.11). 
SUV values typical for malignant or other 
pathologic findings have to be determined 
for each different tracer individually since 
the SUV is specific to tracer kinetics. 
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7.6 Conclusion 

PET/CT has the potential to become the 
new high-end diagnostic imaging modal- 
ity for various indications. Today PET/ 
CT is most widely used in oncological 
imaging and detection of inflammatory 
disease but also for selected questions 
in neurology, cardiac and vascular imag- 
ing. New developments, especially in mo- 
lecular imaging can further increase the 
spectrum of PET/CT indications. Avail- 
ability and the high costs of the PET/CT 
examination are still limiting the use of 
PET/CT to certain centers. The compara- 
tively high radiation exposure of whole 
body PET/CT scanning requires a very 
responsible establishment of indications 
for PET/CT examinations. 
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8 Acute Neurovascular Events: 

Bleeding and Ischemia Diagnosed by MSCT 



B. Ertl-Wagner 



Indications for CT in Patients 
with Acute Neurovascular Events 

Indications for Nonenhanced Cranial CT 
(NECT) 

• To rule out intracerebral hemorrhage. 

• Delineation and extent of a cerebral 
ischemia. 

• To discern early signs of cerebral isch- 
emia, e.g., a hyperdense media sign or a 
loss of the insular ribbon. 

• To evaluate and quantify space-occupy- 
ing effects of an intracerebral hemor- 
rhage or of a large cerebral infarction. 

• To discern a possible noncommunicat- 
ing hydrocephalus due to space-occupy- 
ing infarctions in the posterior fossa. 

• To rule out other differential diagnoses, 
such as subdural hematoma, epidural 
hematoma, subarachnoid hemorrhage, 
cerebral venous thrombosis or intracra- 
nial tumors. 

Indications for CT Angiography 

• To assess the site of the macrovascular 
occlusion. 

• To determine the degree of collateral cir- 
culation. 

• Therapy control of therapeutic interven- 
tions, e.g., intravascular thrombolysis or 
mechanical methods of recanalization. 

Indications of CT Perfusion Imaging 

• To determine the degree and extent of 
the perfusion deficit in the ischemic re- 
gion (compare with Chap. 11 on perfu- 
sion CT by M. Wiesmann). 



Patient Preparation 
and Positioning 

Patient Preparation 

• The patient should undergo informed 
consent about the risks of contrast medi- 
um application as is standard practice. 

• Information regarding renal and thy- 
roid function (creatinine and TSH val- 
ues) should be obtained for contrast en- 
hanced studies, if possible. 

• Information about the patient's current 
medication should be available (e.g., 
metformine). 

• A large peripheral venous access, e.g., in 
an antecubital vein, should be obtained. 

Patient Positioning 

• The patient should be positioned supine 
on the CT examination table. 

• The patient's head should be positioned 
in the headrest. 

• If the gantry cannot be tilted, it is advan- 
tageous to position the patient's head in 
30° flexion in the head holder for an in- 
tracranial examination. 

Topogram and Scan Range 

• In intracranial examinations the lens 
should be outside the scan range, if at all 
possible, in order to reduce the dose to 
the radiation-sensitive lens. 

• The gantry should therefore be tilted 
parallel to the base of the skull (German 
horizontal line) or the head should be 
positioned in 30° flexion in intracranial 
examinations. 




Fig. 8.1. a This lateral topogram demonstrates the scan range in a CT angiography of the circle of 
Willis, b This lateral topogram demonstrates the scan range of a combined arterial and venous pro- 
tocol covering both the circle of Willis and the cerebral veins and sinuses, c This coronal topogram 
demonstrates the scan range of a CT-angiographic examination of the entire cervicocranial vascula- 
ture covering both the extracranial and the intracranial arteries 



• For intracranial CT-angiographic exam- 
inations of the arterial vessels, the scan 
range should reach from cervical spine 
C2 to the mid-skull above the sella (see 
Fig. 8.1a). 

• For combined CT-angiographic exami- 
nations of the arterial vessels, the scan 
range should reach from the lower end 
of the skull base to the vertex (see Fig. 
8.1b). 

• For CT-angiographic examinations of 
the entire cervicocranial vasculature, 
the scan range should extend from the 
aortic arch to the vertex (see Fig. 8.1c). 

Scan Parameters 

See Tables 8.1 and 8.2. 



Tips and Tricks 

• If an automated bolus tracking or a test 
bolus is not possible, a fixed delay can be 
used. A fixed delay of 35 s will usually 
provide an even contrast of both the in- 
tracranial arteries and the intracranial 
veins, while a fixed delay of 20 to 25 s 
should result in a predominantly arte- 
rial contrast. 

• A simultaneous contrast of both the in- 
tracranial arteries and the intracranial 
veins can be advantageous in the emer- 
gency setting, if the patient's symptom- 
atology is not clear. 

• If a carotid artery stenosis is suspected, 
the supraaortic arteries should be in- 
cluded in the scan range. It is then fea- 
sible to assess both a thrombembolic oc- 
clusion of an intracranial artery and the 
potential source of a thrombembolus in 
the carotid arteries. 
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Table 8.1 . Scan parameters for CT angiography of the cranial vessels 



Pitch corrected Tube 150-200 

current time product 
(eff. mAs) 

Collimation (mm) 
Norm, pitch 

Reconstr.-slice increment 
(mm) 

Reconstr.-slice thickness 
(mm) 

Reconstruction Kernel Standard 

Contrastmedia 
application 

Concentration 300 

(mg iodine/mL) 



150-200 



Standard 



300 



Mono/Biphasic 
Volume (ml_) 
Injection rate (mL/s) 
Saline chaser (mL, mL/s) 

Delay (s) 

• Circle of Willis 

• Combined arterial 
and venous 

• Entire craniocervical 
vessels 



Monophasic 

120 

4-5 

30/4.0 

Autom. Bolus- 
Detection +7 s 
Fixed delay 35 s 



Monophasic 

120 

4-5 

30/2.5 

Autom. Bolus- 
Detection +10 s 
Fixed delay 40 s 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 








Rotation time (s) 


0.5 


0.5 


0.33-0.5 


Tube current time 
product (mAs) 


135-200 


135-200 


135-240 



150-200 





.6-0.75 



Standard 






Autom. Bolus- 
Detection +10 s 
Fixed delay 40 s 



Autom. Bolus- 
Detection +4 s 



Autom. Bolus- 
Detection +8 s 



Autom. Bolus- 
Detection +8 s 

STS-MIPs in coronal and sagittal planes in addition to the axial slices are mandatory. 



Table 8.2. Scan parameters for unenhanced CT of the brain 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanning parameters 


Tube voltage (kV) 


120 






Rotation time (s) 


0.75 


1.0 


1.0 


Tube current time product 
(mAs) 


195-255* 


190-250* 




Pitch corrected tube current 
time product (eff. mAs) 


300* 


290* 


410* 


Slice collimation (mm) 




1.5 




Norm, pitch 


0.65-0.85 


0.65-0.85 


0.85 


Contrast material 


Volume (ml_) 


N/A 


N/A 


N/A 


Injection speed (mL/s) 


N/A 


N/A 


N/A 


Saline flush (mL, mL/s) 


N/A 


N/A 


N/A 


Delay arterial (s) 


N/A 




N/A 


Delay portal-venous (s) 


N/A 




N/A 



CTDI must be lower than or equal to 60.00 



• The source images of an intracranial 
CTA can often be very helpful in the 
evaluation of the location and extent of 
a cerebral ischemia, when the window 
and level settings are chosen accord- 
ingly. 

Comments 

Neurovascular events are among the most 
common presenting symptoms in the emer- 
gency setting. The classical role of CT used 
to be the exclusion of hemorrhage, while it 
was considered inferior in the diagnosis of 
cerebral ischemia. However, awareness of 
early CT signs in the mid-1990s led to an 
increasing role of CT in the diagnosis of 
early cerebral ischemia as well [1]. How- 
ever, the determination of the exact extent 
of the ischemic region, the diagnosis of the 
site of the vascular occlusion and the extent 
of a possible diffusion-perfusion mismatch 
could not be assessed. 



The introduction of multislice CT into 
clinical practice altered several limitations 
of CT by improving both the spatial and the 
temporal resolutions. It became possible to 
evaluate the entire cervicocranial vascula- 
ture in a high spatial resolution allowing 
the assessment of even subsegmental arte- 
rial occlusions [2,3]. 

When a patient presents with signs and 
symptoms of a neurovascular event, tim- 
ing is usually critical in order to ascertain 
the administration of the proper therapeu- 
tic regimen in a timely fashion. Moreover, 
time frames for potential intravenous or 
intraarterial thrombolytic therapies need 
to be respected. The diagnostic workup 
should therefore be fast and focused. 

In every patient presenting with an acute 
neurovascular event, an unenhanced crani- 
al CT scan should be performed first. This 
CT scan is the basis to rule out an intrace- 
rebral hemorrhage, which often cannot be 
differentiated from a cerebral ischemia on 
clinical grounds alone. Moreover, the un- 



8 Acute Neurovascular Events: Bleeding and Ischemia Diagnosed by MSCT 




Fig. 8.2. Coronal sliding thin slab (STS) maxi- 
mum intensity projections (MIP) demonstrate 
an acute occlusion of the right middle cerebral 
artery in the M1 segment {arrow) 



enhanced CT scan can be used to evaluate 
early signs of cerebral ischemia such as the 
loss of the insular ribbon or the hyperdense 
media sign [1]. It is also the basis for evalu- 
ating potential complications of cerebral 
infarctions, such as a midline-shift in large 
space-occupying supratentorial infarctions 
or a noncommunicating hydrocephalus in 
infarctions of the posterior fossa. 

When an intracerebral hemorrhage is 
ruled out, a CT angiography can be per- 
formed in the absence of contraindica- 
tions to an administration of a contrast 
medium. It is usually advantageous to plan 
the CT angiography with a maximum of 
clinical information available. If the symp- 
tomatology of the patient is not clear and 
cerebral venous thrombosis is a potential 
differential diagnosis, a CT-angiographic 
protocol attaining an even contrast of both 
the intracerebral arteries and veins can be 
advantageous (2). The scan range should 
include the region between the lower part 
of the skull base and the vertex. If the pa- 
tient's signs and symptoms point toward an 
intracranial arterial occlusion, the CT-an- 
giographic examination can be focused on 
the Circle of Willis in order to demonstrate 
the exact site of occlusion. CTA can be very 
helpful to assess here, especially if Dop- 
pler/duplex sonography is not available in 
the emergency setting. It can be helpful to 
use CTA to evaluate the entire supraaortic 
arteries [4]. In addition to imaging the in- 
tracranial arteries, the carotid arteries can 
be assessed in this setting as well in order 
to rule out plaques as a source of thombem- 



bolism and/or hemodynamically relevant 
occlusions [4]. The scan range should then 
reach from the aortic arch to the Circle of 
Willis. 

When evaluating an intracranial CT 
angiography, it is important to scrutinize 
every segment of the intracranial arteries. 
Most commonly, thrombembolic occlu- 
sions can be found in the middle cerebral 
artery (MCA) (Fig. 8.2). As the spatial reso- 
lution was pronouncedly improved with 
multislice CT, it is now possible to diag- 
nose even small, subsegmental occlusions, 
e.g., in the M2 or M3 segments [5]. If the 
Ml segment of the MCA is occluded, care 
should be taken to differentiate whether 
the thrombembolic process also involves 
the intracranial carotid bifurcation (carot- 
id-T), thus representing a carotid-T rather 
than a mere Ml occlusion. 

While the clinical symptomatology can 
be very helpful in guiding the diagnostic 
evaluation of an intracranial CT angiog- 
raphy, the assessment should not be lim- 
ited to the artery in question. In addition, 
every vascular segment needs to be ana- 
lyzed. Vascular norm variations, such as 
an embryonic origin of the posterior cere- 
bral artery PCA, should be noted, as these 
variations may favor unusual thrombem- 
bolic routes. In addition, other differential 
diagnoses such as intracranial aneurysms, 
need to be ruled out, even in the absence of 
a subarachnoid hemorrhage as these can 
present as a purely incidental - but highly 
relevant - finding in the intracranial CTA. 

If a combined arterial and venous proto- 
col was chosen, the cerebral veins and dural 
sinuses need to be scrutinized as well. Care 
should be taken to differentiate arachnoid 
granulations or hypoplasias of the sinus 
from cerebral venous or sinus thrombo- 
ses. An engorgement of the smaller venous 
structures such as the bridging veins can be 
an indirect sign of a venous congestion due 
to a cerebral venous thrombosis. 

The assessment of the CT-angiographic 
source images in a proper window and level 
setting may be helpful in evaluating the ex- 
tent of the ischemic region, as the ischemia 
can usually be discerned positively in these 
contrast enhanced images, which allows 




Fig. 8.3. a Coronal STS-MIP reformations dem- 
onstrate an acute thromboembolic occlusion of 
the right middle cerebral artery in the M1/M2 
segments {arrow), b An adjustment of the win- 
dow and level settings demonstrates the isch- 
emic region in the same CT angiographic data- 
set {arrows) 



Fig. 8.4. Volume rendering technique (VRT) ref- 
ormations demonstrate a higher grade, complex 
stenosis of the internal carotid artery in a patient 
with an acute neurovascular event 



to view a form of "blood volume images" 
(Figs. 8.3a,b) [6-8]. 

When evaluating the carotid arteries 
in the setting of an acute neurovascular 
event, several questions need to be an- 
swered. First, the CT angiography needs 
to be evaluated regarding the presence (or 
absence) of a hemodynamically relevant 
stenosis of the carotid artery (Fig. 8.4). 
These hemodynamically relevant stenoses 
will mostly be found in the proximal in- 
ternal carotid artery (ICA) in close prox- 
imity to the carotid bifurcation. However, 
stenoses of the carotid artery can arise in 
more unusual locations as well, such as in 
the proximal portion of the common ca- 
rotid artery (CCA) or in the distal part of 
the ICA. This again underscores the neces- 
sity to closely scrutinize all vascular seg- 
ments when evaluating a supraaortic CT 
angiography. In addition, plaques along 
the carotid arteries should be described 
with an emphasis on plaque morphology, 
mentioning both the plaque configuration 
and the presence or absence of calcifica- 
tions within the plaque. Moreover, the po- 
tential presence of an arterial dissection of 
either the carotid arteries or the vertebral 
arteries should be ruled out. Arterial dis- 



sections in this region usually present as a 
tapering of the vascular lumen with a di- 
rectly adjacent mural hematoma. 

Multislice CT with CT angiography offers 
several pronounced advantages over other 
imaging modalities such as MRI and ultra- 
sonography. First and foremost, multislice 
CT is usually readily available even in the 
emergency setting and can be performed 
in the range of seconds. Patient access is 
almost unlimited allowing imaging of even 
critically ill patients. Moreover, the cranial 
vessels can now be imaged at an exceedingly 
high resolution allowing a diagnostic evalu- 
ation of even small, subsegmental arteries. 
The analysis of the source images in a proper 
window setting moreover may allow an en- 
hanced view of an early demarcation of the 
ischemic territory. In addition, the CT-an- 
giographic evaluation can also be combined 
with a CT perfusion (see Chap. 11). Relative 
drawbacks of CT are the application of ion- 
izing radiation (the dose of which can be re- 
duced when optimized scan parameters are 
employed and when the scan rage is limited 
to the potentially diagnostically relevant 
region), and the inability to perform diffu- 
sion-weighted imaging and thus evaluate a 
diffusion-perfusion mismatch (8). 
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9 CTA of Intracranial Aneurysm 



D. Morhard 



Indications 

MS-CTAs are indicated in the following 
situations: 

• Acute and subacute subarachnoid hem- 
orrhage in which a digital subtraction 
angiography (DSA) is not instantly avail- 
able in addition to the unenhanced CT. 

• Incidental aneurysm MS-CTA may be an 
alternative to the gold-standard DSA for 
the determination of location, size and 
neck ratio. 

• AVMs in conjunction with other modali- 
ties. 

• Stenosis of intracranial vessels. 



Patient Preparation 
and Positioning 

Supine, arms bilaterally downward, use of 
headrest recommended, injection needle in 
cubital vein or central venous catheter with 
at an 18-gage lumen. 

Topogram 

See Fig. 9.1 

Scan Parameters 

See Table 9.1 

Tips and Tricks 

• 2D-reconstructions in three orienta- 
tions (sagittal, axial and coronar planes) 
are obligatory, with a strongly recom- 




Fig.9.1. Topogram with suggested maximum 
scan range for intracranial CTA 



mended slice thickness between 1.0 and 
1.3 mm. 

• MIP reconstructions are felt to be better 
than MPR reconstructions. 

• Interactive generation of VRT-images 
can be useful for the choice of surgical 
or endovascular treatment decision. 

• Start scanning at C2, so as not to miss 
any of the intradural vertebral artery an- 
eurysms. 

Comments 

The incidence of intracranial aneurysms is 
about 1.9%, depending on the population. 
The degree of subarachnoid hemorrhage 
(SAH) seen in CT can be staged by the 
Fisher grading system (Table 9.2) [5]. Clini- 
cal symptoms in most cases are the sudden 
onset of maximum headache, possibly with 
nuchal rigidity on middle-aged adult pa- 
tients (the clinical severity of the SAH can 
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Table 9.1. Scan parameters 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 










Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.33-0.5 




Tube current time product (mAs) 


135-200 


135-200 


135-240 




Pitch corrected tube current time 
product (mAs) 


150-200 


150-200 


150-200 




Collimation (mm) 


1/1.25 


0.625/0.75 


0.6/0.625 




Norm, pitch 


0.9-1 


0.9-1 


0.9-1.2 




Reconstr.-slice increment (mm) 


m 


0.6 


0.5 




Reconstr.-slice thickness (mm) 


1.25 


0.75-1 


0.6-0.75 




Reconstruction Kernel 


Standard 


Standard 


Standard 




Scan range 


Sutura sagittalis to Foramen magnum for strict in- 
tracranial aneurysm. Sutura sagittalis to arcus aortas 
in order to include the extracranial parts of VA and 
carotids. 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast media application 










Concentration (mg iodine/mL) 


300-400 


300-400 


300-400 




Mono/biphasic 


Monophasic 


Monophasic 


Monophasic 


Volume (ml_) 


80-120 


80-100 


80-100 




Injection rate (mL/s) 


3-4 


3-4 


3-4 




Saline chaser (mL, mL/s) 


30/3.0 


30/3.0 


30/3.0 




Delay (s) 


15-20 (12-15 for extracranial carotid and VA) or au 
tomatic bolus detection if available 





(among others) be assessed by the WFNS 
grading system, see Table 9. 3). Twenty- five 
percent of all intracranial hemorrhages and 
almost all atraumatic subarachnoidal hem- 
orrhages are caused by ruptured aneurysm. 
However, the most common cause of SAH 
is blunt head trauma. Depending on the an- 
eurysm size and other factors (e.g., shape, 
localization, former SAH or former symp- 
toms) the annual risk for an aneurysm rup- 
ture is estimated to be between 0.05% for 
aneurysms smaller than 10 mm and 6% 
for giant aneurysms (over 25 mm). For the 
most typical locations of intracranial aneu- 
rysms see Fig. 9.2. Additional risk factors 
for aneurysm hemorrhage include arterio- 



sclerosis, hypertension, and cigarette and 
alcohol abuse. The mortality for aneurysm 
induced SAHs is up to 50% in the first 30 
days. The rebleeding risk from ruptured, 
untreated aneurysms is 20-50% (up to 15% 
in the first 24 h, then daily 1-3%). 

Recent evaluations [1-4] show an overall 
sensitivity for intracranial aneurysm de- 
tection in acute subarachnoid hemorrhage 
of 85-95% when compared to DSA. Limi- 
tations for MS-CTA are small aneurysms 
with a maximum size between 1 and 3 mm, 
aneurysms in the posterior fossa and an- 
eurysms in the cavernous sinus (supraoph- 
thalmic carotid aneurysms). Besides, nega- 
tive DSA-findings for aneurysmal SAH is 



9 CTAof Intracranial Aneurysm 



83 



Table 9.2. Fisher grading system of acute subarachnoidal bleeding 

No blood detectable 

Lumbar puncture positive, CT negative 

Blood clot visible 

Blood clots thicker than 3 mm 

Intraventricular or intraparechnchymal hemorrhage 





Table 9.3. World Federation of Neurologic Surgeons (WFNS) SAH grade 



WFNS grade 


Glasgow Coma Scale Score 


Major focal deficit* 


(intact aneurysm) 


1 




Absent 


2 


13-14 


Absent 




13-14 


Present 


4 7-12 Present or absent 




3-6 


present or absent 



Aphasia and/or hemiparesis or hemiplegia 



25% ACoA 
5% A.pericallosa 




3%VA&PICA 



Fig. 9.2. Circle of Willis, localization and sta- 
tistical distribution of cerebral aneurysm. Most 
common are aneurysms of the anterior commu- 
nicating artery, and the A. cerebri media (MCA), 
followed by aneurysms at or near the origin of 
the posterior communicating artery (PCoA), and 
the basilar tip. Relatively seldom, especially dif- 
ficult to detect are aneurysms of the posterior 
circulation in the infratentorial region 



15-20% at first examination and below 5% 
when a patient is admitted for a second ad- 
ditional angiography (Fig. 9.3). 

Important criteria to describe a find- 
ing of an aneurysm in CTA include the 
relationship of the aneurysm to the parent 
vessel (small neck or wide neck, fusiform, 
dissecting), the size and form of the aneu- 
rysm, presence or absence of a baby aneu- 
rysm, presence or absence or calcifications, 
thrombosis; and vessels originating from 
the aneurysm itself. To get this informa- 
tion, very detailed information is neces- 
sary. This description in turn will assist 
the decision, if (in incidental aneurysms) 
or by which means (in ruptured aneu- 
rysms) the treatment will be attempted. In 
general, endovascular treatment is carried 
out by filling the aneurysm with detach- 
able platinum coils (e.g., GDC), delivered 
through a microcatheter. Aneurysms op- 
timal for this endovascular treatment have 
a small neck and are located in the ACA, 
ICA or VA/BA territory. Endovascular stent 
application may be necessary, if an aneu- 
rysm is featuring a relatively broad neck. 
The neurosurgical treatment is performed 
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Fig. 9.3. a Left-sided, superior- and lateral-orientated MCA-bifurcation aneurysm with a maximum 
dome size of 4 mm and a neck size of 2 mm in a patient with mild acute SAH. This image demon- 
strates the good delineation of neck and dome (16-row MSCT, axial MlP-reconstruction with 1.3-mm 
thickness and 1.0-mm increment), b Coronar MlP-reconstruction (1.3x1.0 mm) of the same patient 
showing the superiolateral orientation of the aneurysm, c DSA (matrix 1024x1024), selective injec- 
tion of left internal carotid artery, pa-orientated and zoomed of the same patient. DSA demonstrates 
the good correlation between MS-CTA and DSA 



with the placement of a clip along the neck 
of the aneurysm. Candidates optimal for 
this procedure are located in the MCA or 
AC A territory. Regardless of the aneurysm, 
treatment prevention and treatment of sec- 
ondary complications like vasospasm via 
hyperdynamic therapy are also often nec- 
essary. 

Important differential diagnoses of the 
subarachnoidal hemorrhage are all forms 
of nonaneurysmal SAH (occult trauma, 
vasculitis, dissection, perimesencephalic 
nonaneurysmal SAH, vascular malforma- 
tion, neoplasm). These forms can exhibit 
low density in brain scans representing 



diffuse cerebral edema, and may have high 
density CSF (e.g., following intrathecal 
contrast). 

The protocol can be extended to assess 
suspected arteriovenous malformations 
(AVM). In these cases, CTA can give infor- 
mation on the major feeding vessels, the 
AVM nidus site and size, and the superficial 
or deep draining veins. All of these are im- 
portant to the grading of the AVMs, which 
are done in most institutions by the grading 
system of Spetzler and Martin (see Table 
9.4). However, for the treatment decision 
to recommend treatment by either gamma 
knife radiation, endovascular occlusion, 
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Table 9.4. Spetzler and Martin grading system for AVMs 



SizeofAVM 


Eloquence of adjacent brain 


Venous drainage 


Small (<3 cm), 1 point 


Noneloquent, points 


Superficial only, points 


Medium (3-6 cm), 2 points 


Eloquent, 1 point 


Deep drainage, 1 point 


Large (>6 cm ), 3 points 



surgery or combinations thereof, the in- 
vasive selective multiplanar DSA presently 
remains the method of choice. 
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10 Imaging of the Cerebral Veins 
and Sinuses with MS-CT 



B. Ertl-Wagner 



Indications 

for Cerebral CT-Venography 

• To diagnose or rule out cerebral venous 
thromboses (CVT). 

• To precisely evaluate the site and ex- 
tent of a cerebral venous occlusion in 
CVT. 

• To evaluate the degree of compression of 
the cerebral veins and sinuses in patients 
with an intracranial neoplasm, especial- 
ly in patients with meningioma. 

• To non-invasively evaluate the venous 
drainage in patients with cerebral arte- 
riovenous malformations. 



Patient Preparation 
and Positioning 

Patient Preparation 

• The patient should undergo informed 
consent about the risks of contrast medi- 
um application as is standard practice. 

• Information regarding renal and thyroid 
function (creatinine and TSH) should be 
obtained. 

• Information about the patient's current 
medication should be available (e.g., 
metformine). 

• A large peripheral venous access, e.g., in 
an antecubital vein, should be obtained. 



Patient Positioning 

• The patient should be positioned supine 
on the CT examination table. 

• The patient's head should be positioned 
in the headrest. 




Fig. 10.1. This lateral topogram demonstrates 
the normal scan range for a CT-angiographic 
evaluation of cerebral veins and sinuses 



If the gantry cannot be tilted, it is advan- 
tageous to position the patient's head in 
30° flexion for an intracranial examina- 
tion. 



Topogram and Scan Range 

• The scan range should reach from the 
lower end of the skull base to the vertex 
(see Fig. 10.1). 

• The upper boundary of the scan range 
always needs to include the entire supe- 
rior sagittal sinus; care should be taken 
to include the most cranial portion of 
the skull. 

• The lower boundary of the scan range 
should include the sigmoid sinus. 

• The scan range should include the pe- 
trous bones in order to evaluate a possible 
mastoiditis in the setting of septic CVT. 

• It is usually not necessary to include the 
entire jugular veins in the scan range, 
since these can be imaged with Doppler 
and duplex sonography. However, should 
doubt prevail, the neck region can also 
be included to image the cervical veins. 
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Scan Parameters 

See Table 10.1. 

Tips and Tricks 

• Cerebral venography can usually be 
quite reliably and easily performed with 
a fixed delay of 40 to 45 s and a bolus of 
contrast medium of 120 mL. 

• If the patient's symptomatology is not 
clear, a simultaneous contrast of both 
the intracranial arteries and the intra- 
cranial veins can be helpful, especially 
in the emergency setting. A slightly re- 
duced delay of about 35 s will usually 
provide an even contrast of both the in- 
tracranial arteries and the intracranial 
veins. 

• Care should be taken to evaluate the pe- 
trous bones, especially in the setting of 
a CVT of the sigmoid and transverse si- 
nuses, as these can potentially represent 
septic thromboses resulting from a pu- 
rulent mastoiditis. 

• It is important to differentiate mere hy- 
poplasia of the transverse sinus, which 
is a common variant, from true CVT. 
Moreover, arachnoid granulations need 
to be recognized and differentiated from 
CVT. 

• The nonenhanced cranial CT should 
always be scrutinized as well, since the 
location, extent and contour of edema 
and/or hemorrhage as secondary signs 
of a cerebral venous thromboris can 
provide important information about 
the potential site of the venous occlu- 
sion. 



Comments 

The most common indication to image the 
intracranial veins and sinuses is to rule out 
CVT. CVT can present with relatively un- 
specific signs and symptoms, which vary 
substantially from asymptomatic to severe 
symptoms requiring intensive care treat- 
ment. Other differential diagnoses are of- 
ten contemplated by the referring clinician 



as well [1,2]. Please keep in mind that CVT 
is a disease with a mortality of up to 10% 
even in the presence if intensive care and 
the standard practice of iv. Heparine. 

The computed tomographic evaluation 
of CVT usually consists of a nonenhanced 
CT (NECT) scan followed by a CT-angio- 
graphic examination. The NECT should al- 
ways be carefully examined as the presence 
of edema and/or hemorrhage as well as its 
respective size, location and shape can pro- 
vide important information regarding the 
extent and location of the venous occlusion. 
However, a normal NECT does not rule out 
the presence of CVT. 

Therefore, a CT-angiographic exami- 
nation of the cerebral veins and sinuses is 
usually performed next. The scan range 
should always include the entire cerebral 
venous vasculature. It is therefore impor- 
tant to carefully include the uppermost 
point of the vertex in order to image the 
entire superior sagittal sinus. Coronar and 
sagittal reconstructions are important 
here and should be performed routinely. 
The lower boundary of the scan range 
should include the skull base with the pe- 
trous bones and the entire posterior fossa. 

A fixed delay of 40 to 45 s usually re- 
sults in a homogeneous contrast of the 
intracranial venous vessels. In our expe- 
rience, it is frequently helpful to attain a 
mixed arterial and venous contrast as the 
symptomatology of the patient is often not 
specific for a venous pathology. A fixed de- 
lay of 35 s usually provides a homogeneous 
contrast of both the arteries and the veins, 
when a bolus of 120 mL of contrast me- 
dium is applied [3,4]. The scan direction 
should usually "follow the flow." Thus, 
when imaging the cerebral veins and si- 
nuses, the direction of acquisition should 
be craniocaudal. 

When evaluating a CT-venographic ex- 
amination in a patient with suspected CVT, 
it is important to look for the site and the 
extent of the venous occlusion (Fig. 10.2). 
As mentioned above, the site of parenchy- 
mal edema and/or hemorrhage can provide 
important information regarding the oc- 
cluded vessel. The CT-venographic exami- 
nation generally allows a direct visualiza- 
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Table 10.1. Scan parameters for MSCT-imaging of the cerebral veins and sinuses 





4-8 slice 
scanners 


10-16 slice 
scanners 


64 slice 
scanners 




Scanner settings 










Tube voltage (kV) 


100-120 [6] 


100-120 [6] 


100-120 [6] 




Rotation time (s) 


0.5 


0.5 


0.33-0.5 




Tube current time product (mAs) 


150-200 


150-200 


150-200 




Pitch corrected tube current time 
product (eff. mAs) 


150-200 


150-200 


150-200 




Tube current (mAs) 


100-200 


100-200 


100-200 




Collimation (mm) 


^| 


0.75 


0.65 




Norm, pitch 




IB 


H 




Reconstr.-slice increment (mm) 


0.75-2 


0.6-2 


0.5-2 




Reconstr.-slice thickness (mm) 


1-3 mm 


1-3 mm 


1-3 mm 




Reformation technique 


Sliding thin 
slab(STS)MIP 


STS-MIP 


STS-MIP 




Scan range 


Base of skull 
to vertex 


Base of skull 
to vertex 


Base of skull 
to vertex 


i 


Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 


Reconstruction kernel 


Standard 


Standard 


Standard 




Contrast media application 


Concentration (mg iodine/mL) 


300 


300 


300 




Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 




Volume (ml_) 


120 


120 


120 




Injection rate (mL/s) 


4-5 [7] 


4-5 [7] 


4-5 [7] 




Saline chaser (mL, mL/s) 


30/4.0 


30/4.0 


30/4.0 




Delay (s) 

• Venous 

• Combined arterial and venous 


Fixed delay 
40-45 s 
Fixed delay 
35 s or 

Autom. Bolus- 
Detection +12 s 


Fixed delay 
40-45 s 
Fixed delay 
35 s or 

Autom. Bolus- 
Detection +12 s 


Fixed delay 
40-45 s 
Fixed delay 
35 s or 

Autom. Bolus- 
Detection 
+12 s 



tion of the thrombotic material within the 
occluded (or partially thrombosed) cere- 
bral vein or sinus, which is referred to as 
the cord sign [5]. While the surrounding 
vessel is filled with contrast material, the 
thrombotic material is relatively hypodense 
compared to the contrast enhanced sinus 
often described as the empty triangle sign 
(Fig. 10.3). 



It is important to differentiate CVT from 
simple arachnoid granulations. In con- 
trast to the more amorphous structure of 
a venous thrombus that tends to fill large 
parts of the venous structure, an arachnoid 
granulation usually has a density resem- 
bling that of fat, is comparatively small and 
round, and is well demarcated. Arachnoid 
granulations moreover tend to be lobulated 
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Fig. 10.2. Sagittal sliding thin slab (STS) maxi- 
mum intensity projections (MIP) demonstrate a 
complete thrombotic occlusion of the superior 
sagittal sinus 



and can be found anywhere, but predomi- 
nantly in characteristic locations such as 
the transverse and superior sagittal sinus. 
In addition, it is crucial to differentiate 
mere hypoplasia of the sinus from true 
venous thrombosis. The transverse sinus 
can commonly display an asymmetric con- 
figuration with relative hypoplasia of one 
side, just constituting a normal variant [2]. 
Care should be taken not to mistake such 
a normal variant for a thrombosed vessel. 
In this setting, it is important to look for 
direct manifestations of the thrombus, i.e., 
to look for thrombotic material within the 
vessel. It can moreover be helpful to search 
for indirect signs of venous thrombosis 
such as edema or hemorrhage of the brain 
parenchyma. 

A CT-angiographic examination of the 
cerebral veins and sinuses with modern 
multislice CT scanners now allows for the 
visualization of even small venous struc- 
tures such as bridging veins or the internal 
cerebral veins. However, despite promising 
reports, the sensitivity of MDCT to detect 
or exclude superficial venous thrombosis 
is not certain. Also, in order not to miss the 
diagnosis of a selective thrombosis of these 
veins, it is important to be familiar with 
the intracranial venous anatomy and to ac- 
tively search for the small vascular struc- 
tures. Again, the presence and location 
of edema and/or hemorrhage within the 
brain parenchyma can provide important 
clues regarding the site of the thrombosis. 




Fig. 10.3. Coronal STS-MIP reformations dem- 
onstrate an occlusion of the superior sagittal 
sinus {arrows). Note the presence of edema 
and hemorrhage on the right-hand side {ar- 
rowheads). In this case, the entire cervicocranial 
vascular system was examined, as the thrombus 
extended into the internal jugular vein 



CT-venographic examinations with 
multislice CT can moreover provide in- 
formation regarding the degree of venous 
congestion. Three-dimensional recon- 
structions may help in selected cases to 
improve the visualization of a thrombus 
(Fig. 10.4). The smaller venous struc- 
tures draining into the thombosed vessel 
are commonly enlarged as a result of the 
obliterated venous lumen. In addition, 
in the setting of a more longstanding ve- 
nous obstruction, the degree of collateral 
circulation can be assessed. This can also 
constitute important information in the 
setting of a compression of a cerebral si- 
nus, which can often occur in the setting 
of meningiomas (Fig. 10.5). The superior 
sagittal sinus is an especially common 
site of venous compression, secondary to 
perifalcine meningiomas. In this setting, 
the degree of venous compression and the 
presence or absence of a collateral circula- 
tion should be described. 

When a thrombosis of the sigmoid and/ 
or transverse sinus is found, it is especially 
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Fig. 10.4. Volume rendering technique images 
of the same patient demonstrate a congestion 
of the small vessels draining into the throm- 
bosed superior sagittal sinus 



Fig. 10.5. Sagittal STS-MIP reformations in a 
patient with a transosseous meningioma dem- 
onstrate a compression of the superior sagittal 
sinus by the tumor {arrows). A collateral circula- 
tion is present {arrowheads) 



important in children and young adults to 
also assess the petrous bones for the po- 
tential presence of a mastoiditis, as these 
thromboses commonly represent septic 
processes as a consequence of a mastoidal 
infection. The dataset should be recon- 
structed in a bone kernel in this setting in 
order not to miss this important additional 
information. Finally, it has to be mentioned 
that the detection and exclusion of recur- 
rent/remitting CVT may still represent a 
diagnostic problem both in venous CT and 
MRI. 

In summary, CT angiography of the 
cerebral veins and sinuses with multislice 
CT provides an excellent tool in the diag- 
nosis of CVT. It not only directly depicts 
the presence and location of the venous 
thrombus, but also demonstrates the de- 
gree of venous congestion and/or collat- 
eralization and may provide important 
additional information, e.g., regarding the 
presence of an inflammatory process in 
the mastoid. 
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11 Brain Perfusion 



M. Wiesmann 



Indications 

• Acute ischemic cerebral infarction. 

• Chronic stenosis of supraaortic or intra- 
cranial arteries. 

• Currently evaluated indications include 
vasospasm after subarachnoid hemor- 
rhage and evaluation of cerebral neo- 
plasms. 

Patient Preparation 

Large-caliber cubital venous access is rec- 
ommended (preferably 16 or 18 G). 



Patient Positioning 

• Supine, arms downward, use of headrest 
recommended. 

• If tilting the gantry during continuous 
scan mode is not possible, the head of 
the patient should be inclined to protect 
the lenses from radiation. 



Topogram/Scan Range 

See Fig. 11.1. 

Table Scan Parameters 

See Table 11.1. 

Tips and Tricks 

• Instruct the patient before the acquisi- 
tion to lie still although the bolus injec- 




Fig. 11.1. Perfusion studies in acute stroke are 
centered at the level of the basal ganglia to in- 
clude portions of those vascular territories most 
likely affected from major vessel occlusion (i.e., 
anterior, middle, and posterior cerebral arteries) 



tion of contrast material may cause dis- 
comfort. 

Injection of a saline chaser following the 
contrast media improves image quality. 
If the first study is negative, up to two 
additional perfusion studies can be per- 
formed to cover other clinically suspect- 
ed brain areas. 



Comments 

Perfusion CT allows accurate quantitative 
assessment of brain tissue perfusion, is 
well tolerated, and is not time-consum- 
ing. It has become a valuable tool in the 
imaging of acute stroke for two reasons: 
(1) areas of impaired perfusion can be de- 
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Table 11.1. Scan parameters for MSCT 


" measurement of brain perfusion 








Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 






Scanner settings 




Tube voltage (kV) 


80 


80 








Tube current (mAs) 


120-240 


120-240 


120-240 






Collimation (mm) 


2x10/4x8 


2x10/4x8 


2x10/4x8 






Norm, pitch 














Rotation time (s) 1.0 1.0 1.0 




Reconstruction increment (mm) 


HI 










Reconstruction thickness (mm) 


10 










Convolution kernel 


Special 


Special 


Special 






Specials 


Dynamic scan: 
45 scans 
(1 scan/s) 


Dynamic scan: 
45 scans 
(1 scan/s) 


Dynamic scar 
45 scans 
(1 scan/s) 


■ 




Contrast media application 




Concentration (mg iodine/ml) 


370-400 mg/mL 


370-400 mg/mL 


370-400 mg/ 


mL 




Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 






Volume (mL) 


40 


40 


40 






Injection rate (mL/s) 


5-10 


5-10 


5-10 






Saline chaser (mL, mL/s) 


40/5.0 


40/5.0 


40/5.0 






Delay (s) 


5 (fixed) 


5 (fixed) 


5 (fixed) 





tected right after the onset of stroke, and 
(2) there is evidence that if the informa- 
tion from a normal brain CT and perfu- 
sion parameter maps are combined, it is 
possible to discriminate between irrevers- 
ibly damaged and potentially salvageable 
tissue [1,2]. Perfusion CT can therefore 
support therapeutic strategies based on 
individual assessment of brain perfu- 
sion in stroke patients rather than using 
rigid time intervals related to the onset of 
symptoms [3]. 

Strokes are the third leading cause of 
death after cardiovascular diseases and 
cancers as well as a leading cause of seri- 
ous disability. Thrombolysis, administered 
either intravenously or intraarterially, has 
been approved as an effective therapy for 
acute human stroke. It is intended to res- 
cue the penumbra and to reduce the final 
infarct size, and thus the resulting handi- 



cap. At present, the selection of patients for 
thrombolytic therapy is mainly related to 
the time interval since the onset of symp- 
toms (less than 3 to 6 h, depending on the 
applicable protocol), the absence of cere- 
bral hemorrhage, and the infarct size (ce- 
rebral hypodensity on CT extending to 
less than one-third of the middle cerebral 
artery region). However, even with such 
restrictive criteria not all patients selected 
benefit from thrombolytic therapy and 
thrombolysis itself bears a significant risk 
of intracranial bleeding. Therefore it has 
been proposed to take into consideration 
the individual hemodynamic situation of 
stroke patients. 

To derive functional information on the 
hemodynamic status of the brain, sequen- 
tial CT slices are acquired in cine mode 
during intravenous contrast administra- 
tion. For each pixel, time-density profiles 
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Fig. 11.2. Territorial infarction with penumbra and thrombolysis. 50-year-old patient suffering from 
acute left-sided hemiparesis. Native initial CT scans (a) and PCT (b-d) were performed 2 h after the 
onset of symptoms. PCT scans were evaluated using a deconvolution algorithm (CBP, Toshiba Medi- 
cal Systems, Germany). No early signs of infarction were identified on the initial CT study. On the 
MTT and CBF parameter maps (b,c) a large area of focal hypoperfusion can be identified, which 
includes 2/3 of the territory of the right middle cerebral artery. Within the lesion no decrease in CBV 
is found (d). Therefore the complete lesion was considered as tissue at risk. Systemic thrombolysis 
was performed. Infarction as seen on the native follow-up CT scan (e) was confined to a rather small 
hypodense lesion in the right external capsule (modified from Wiesmann et al. [3], courtesy G. Boh- 
ner, Berlin) 



of contrast enhancement are obtained us- 
ing dedicated postprocessing software. 
From these curves, several perfusion-relat- 
ed parameters are calculated and displayed 
as color-coded parameter maps. The per- 
fusion parameters most commonly used 
include cerebral blood flow (CBF), cerebral 
blood volume (CBV), time to peak (TTP), 
and the mean transit time (MTT) (see be- 
low) [3]. 

The CBF normally averages 50 to 80 mL 
blood per 100 mg brain tissue per min- 
ute. Irreversible infarction develops if the 
CBF drops below 10-15 mL/100 mg/min 
for more than 2-10 min. Brain areas per- 
fused at CBF levels between 10 and 25 mL/ 
100 mg/min cease neurological function, 
but may completely recover if normal lev- 
els of perfusion are restored within hours 
or days. In most cases of ischemic infarc- 
tion, an irreversibly damaged infarct core 
is surrounded by a variable zone of im- 
paired perfusion, the penumbra. Thera- 
peutic measures in stroke are not aimed 
at the infarct core, but to restore normal 
perfusion levels in the penumbra and thus 
reduce the final infarct size. It should be 
noted that CBF values in the literature refer 
to highly vascularized brain regions (e.g., 
basal ganglia, cortical surface), where the 



CBF is two to three times higher than in 
the cerebral white matter. 

The CBV is defined as the percentage of 
intravascular volume in a given brain area. 
Highly vascularized brain regions (e.g., 
basal ganglia, cortical surface) have a high- 
er CBV than the cerebral white matter. But 
the CBV is also a functional measure and 
changes with vascular autoregulation and 
other factors. While the CBF can be lowered 
in both the penumbra and the infarct core, 
the regional CBV is usually increased in the 
penumbra as a result of local vasodilata- 
tion, in an attempt by the autoregulation 
processes to compensate for regional ce- 
rebral blood flow lowering. In the infarct, 
autoregulation processes are compromised 
and the regional cerebral blood volume is 
lowered. Low CBV values in ischemic areas 
are usually predictive of irreversible dam- 
age (Fig. 11.2). 

Different parameters are available to de- 
scribe the temporal course of the contrast 
bolus, i.e., to recognize delayed perfusion. 
Of these, the most widely used are MTT and 
TTP. These parameters are highly sensitive 
for impaired perfusion but unspecific for 
infarction. Pathologic MTT or TTP values 
are usually found in both infarct core and 
penumbra, but may also be caused by prox- 
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Fig. 11.3. Subarachnoid hemorrhage with vasospastic hypoperfusion. 45-year-old patient suffer- 
ing from subarachnoid hemorrhage from a ruptured arterysm of the anterior communicating ar- 
tery. Vasospasm of both anterior cerebral arteries and the left-sided middle cerebral artery was con- 
firmed by angiography. PCT scans were obtained eight days after hemorrhage and evaluated using 
the maximum slope model (Perfusion CT, Siemens, Germany). On the TTP parameter map (a) focal 
areas of delayed perfusion with normal CBF (b) and CBV (c) values can be depicted bilaterally in the 
territory of the anterior cerebral arteries, and in the territory of a temporal branch of the left middle 
cerebral artery. Note that there is a small area of severely delayed perfusion in the left frontal white 
matter (adjacent to the frontal horn of the lateral ventricle). This small area also shows a reduced 
CBF and CBV indicating focal infarction. Native CT scans at this time (not shown) confirmed a small 
infarction at this location whereas the other areas did not show ischemic edema 



imal arterial stenosis (e.g., in the internal 
carotid artery) or vasospasm (Fig. 11.3). 

Technical Considerations 

Cycle times: cycle times of 1 image/s are 
adequate to create time attenuation curves 
from each pixel that can reliably trace the 
contrast changes even during the very short 
rise time of a compact bolus. Shorter cycle 
times increase the radiation exposure of 
the patient but do not improve the quality 
of the results significantly. 

Slice thickness: dynamic perfusion CT 
studies can be obtained from CT scanners 
regardless of their multislice row numbers. 
To reduce image noise a reconstruction 
thickness per slice of 8-10 mm is selected 
[4]. Using multislice scanners this can be 
achieved by adding together the signal of 
adjacent detector channels. The availabil- 
ity of multidetector technology, however, 
has not significantly increased the infor- 
mation derivable from a single run. This 



is because for the dynamic scan mode the 
scan volume is given by the total size of the 
detector array and not by the number of 
channels available. If the total size of the 
detector array is 32 mm, four sections of 
8-mm slice thickness can be acquired si- 
multaneously. From a clinical perspective, 
however, if a major stroke is suspected it is 
unlikely that four adjacent slices will yield 
significantly more diagnostic informa- 
tion than a single 8-mm slice at the level of 
the basal ganglia. On the other hand this 
means an increased radiation exposure 
of the patient. Instead, if the first study 
is negative, up to two additional contrast 
injections can be performed to cover oth- 
er clinically suspected areas of the brain 
(e.g., motor cortex) [5]. 

Contrast bolus: due to the short circulation 
time within the cerebral vasculature the re- 
sults of perfusion CT rely heavily on the ad- 
ministration of a very compact contrast bo- 
lus. Since the injection time has to be short, 
ideally in the range of 4-6 s, the injectable 
bolus volume is limited. A large-caliber cu- 
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bital venous access and high injection rates 
(5-10 mL/s) are mandatory to achieve good 
results. The use of prewarmed highly con- 
centrated contrast agents improves image 
quality. 

Postprocessing software: two major math- 
ematical approaches are used to calculate 
color-coded parameter maps [3]. Decon- 
volution algorithms, which are currently 
used, e.g., by General Electric and Toshi- 
ba, generally yield quantitatively more 
accurate results at low injection rates. On 
the other hand, calculation takes longer 
and an arterial input function has to be 
determined. The maximum slope model, 
which is currently used, e.g., by Siemens 
and Vitrea, is easier to calculate and less 
prone to motion artifacts, but is also con- 
sidered mathematically less precise. Both 
approaches, however, have been shown to 
yield reliable results in the clinical setting 
of acute stroke [5,6]. 
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12 Sinuses and Facial Skeleton 



F. Dammann 



Indications 

• Inflammatory disease (sinusitis, pol- 
yposis, mukocele, orbital or intracranial 
complications). 

• Preoperative planning (FESS functional 
endoscopic sinus surgery: identify ana- 
tomic variations, potentially dangerous 
situations). 

• Midfacial or cranial trauma, congenital 
deformations, tumor disease (benign 
and malignant lesions, T-staging, fol- 
low-up). 

• Preoperative workup for corrective sur- 
gery, planning of computer-aided sur- 
gery (image fusion, surgical simulation, 
navigation, robotics) and manufactur- 
ing of medical models (stereolithogra- 
phy models for preoperative simula- 
tion). 



Patient Preparation 




Fig. 12.1. Examination region including the 
frontal sinus to the alveolar ridge (including the 
chin, resp., when the mandibula is involved in 
facial trauma or surgical procedure) 



Topogram/Scan Range 

See Fig. 12.1. 

Table Scan Parameters 



No special preparation necessary; i.v. ac- 
cess if CM administration needed. See Table 12.1. 



Patient Positioning 



Tips and Tricks 



Supine (all scans are performed in the 
axial plane), arms downward, use head- 
rest. 

Additional prone position of the patient 
is only indicated for the diagnosis of 
orbital floor fractures when using mul- 
tislice CT with less than 16-row scan- 
ning to obtain direct coronal images. 



Orthogonal positioning of the patient's 
head simplifies the image interpretation. 

Multiplanar reformations (potentially 
also including angulated axial slices) that 
are anatomically adjusted in all three di- 
mensions can be performed on patients 
for whom optimal positioning cannot be 
achieved. 



Table 12.1. Scan and reconstruction parameter of CTof the paranasal sinuses and the midface 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


<1 


<1 


<1 




Tube current time product (mAs) 


20/200* 


20/90-200* 


20/90-200* 




Pitch corrected Tube 

current time product (eff. mAs) 


20/220* 


20/140-200* 


20/140-200* 




Collimation (mm) 


1-1.25 


0.625-0.75 


0.6-0.625 




Norm, pitch 


0.9 


0.6-1.0 


0.6-1.0 




Reconstruction increment (mm) 


0.6 


0.5 






Reconstruction slice thickness 
(mm) 


1.0-1.25 


0.75-1 


0.6-0.75 




Convolution kernel 


Bone 


Bone 


Bone 




Specials 


Multiplanar 
reformations, 
fac. 3D 
reformations 
fac. soft tissue 
ref. 


Multiplanar 
reformations, 
fac. 3D 
reformations 
fac. soft tissue 
ref. 


Multiplanar 
reformations, 
fac. 3D 
reformations 
fac. soft tissue 
ref. 




Scan range 


Frontal sinus/ 
alveolar ridge 
(mandibula) 


Frontal sinus/ 
alveolar ridge 
(mandibula) 


Frontal sinus/ 
alveolar ridge 
(mandibula) 




Scan direction 


Craniocaudal 


Caudocranial 


Craniocaudal 




Contrast media application 


No 


No 


No 





mAs values exceeding 100 mAs should be reserved for the diagnosis of tumor disease or com- 
plications of sinusitis when i.v. contrast material has to be administered. For the examination 
of the sinuses for trauma and benign sinus disease a low-dose protocol seems sufficient (see 
text). 



A low-dose setting (20-50 mAs) is rec- 
ommended for the majority of standard 
sinus CT. 



Comments 

Standard midfacial and/or sinus CT in- 
cludes both axial and coronal images as 
proposed by Zinreich et al. [1]. Coronal 
images (Fig. 12.2) are considered to be 
more important for preoperative planning 
because they show the shape and relation- 
ship of most anatomic landmarks closest to 



the intraoperative aspect (cribriform plate, 
ostiomeatal complex, orbital walls). Axial 
slices (Fig. 12.3) help to define the localiza- 
tion and extent of disease (trauma, benign 
or malignant diseases) in the anterior-pos- 
terior direction, especially when the eth- 
moid cells, the sphenoid sinus, or the orbit 
is involved. 

When using multislice CT, coronal ref- 
ormations that are directly reconstructed 
out of the spiral raw data or calculated from 
a thin-slice axial data set can replace the 
direct coronal scan. For planning the po- 
sition and range of coronal reformations, 
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Fig. 12.2. Coronal image: 64-row CT, 50 mAs, 
120 kV, direct coronal reformation, slice thick- 
ness 1 mm. Clear depiction of anatomical de- 
tails: cribriforme plate (1), ostiomeatal complex 
(2-4), including the bulla ethmoidalis (2), the un- 
cinate process (3), the middle turbinate (4), and 
the maxillary infundibulum {dashed line) extend- 
ing from the maxillary ostium {dot) to the hiatus 
semilunaris {arrow head). No stair step artifacts. 
Dental metal artifacts do not superimpose the 
midface but are horizontally oriented (5), corre- 
sponding to the axial scan direction 



a sagittal view should be used (Fig. 12.2). 
The angulation of coronal reformations 
should be adjusted perpendicularly to the 
maxillary plate. The advantages of coronal 
reformations include the absence of dental 
metal artifacts that may superimpose rele- 
vant anatomical structures of the midface 
in direct coronal scans, the more comfort- 
able position of the patient, and the reduc- 
tion of the exposure dose and examination 
time by 50% as compared with a conven- 
tional two-scan CT examination. Direct 
coronal scans may still be indicated for the 
diagnosis of non- or slightly dislocated or- 
bital floor fractures that can be missed on 
coronal reformations derived from axial 
CT scans with a less than 16-row scanner 
due to stair step artifacts. 

A low-dose setting (20-50 mAs) is rec- 
ommended for the majority of standard 
sinus CT examinations because predomi- 
nantly young patients suffering from be- 
nign diseases are involved and high levels 
of image noise can be tolerated due to the 



Fig. 12.3. Axial image: 4-rowCT, 20 mAs, 120 kV, 
slice thickness 2 mm. Chronic sinusitis with bilat- 
eral involvement of the anterior and posterior 
ethmoid and the sphenoid sinus 



high contrast of tissue versus air. The sur- 
face dose can be reduced to 3-4 mGy and 
the effective dose to 0.1-0.2 mSv when us- 
ing 20 mAs [2]. A medium dose setting 
(100 mAs) is recommended for diagnosis 
of trauma and tumor disease, complica- 
tions of inflammatory diseases (e.g., or- 
bital or intracranial involvement), and for 
3D applications (e.g., SSD, volume render- 
ing, and medical modeling). 

I. v. Contrast 

I.v. contrast does not add relevant diag- 
nostic information in the majority of si- 
nus CT examinations, but may be helpful 
to delineate the extent of benign or ma- 
lignant lesions that pass over the bony 
borders of the paranasal sinuses. In these 
cases a monophasic cm. application of 
50 mL with a scan delay of 90-120 s and 
a medium dose setting (100-150 mAs) 
is recommended. Beside standard bone 
reformations (Table 12.1) additional soft 
tissue data sets (slice thickness and incre- 
ment 3-5 mm, medium-soft convolution 
filter, window 350/50) are calculated. 




Fig. 12.4. Orbital floor fracture with slight dislo- 
cation {arrow) and maxillary sinus hemorrhage. 
Sagittallyangulated reformation (slice thickness 
1 mm, derived from axial scan: 16-row CT, 0.75- 
mm slice thickness, pitch 1.0, reconstruction in- 
crement 0.5 mm, 100 mAs, 120 kV) 



3D Reconstructions 

In trauma diagnosis of the facial skeleton 
additional sagittally angulated reforma- 
tions that are adjusted to the optical nerve 
axis may provide additional information in 
orbital floor trauma (Fig. 12.4). In trauma 
diagnosis the slice thickness of any mul- 
tiplanar reformation should not exceed 
2 mm. Three-dimensional reformations 
(SSD, volume rendering) allow for an intu- 
itive understanding of complex midfacial 
fractures (Fig. 12.5). An additional axial 
thin-slice data set using an intermediate 
or slightly soft convolution filter is recom- 
mended as the basis for 3D reformations 
with reduced image noise. In contrast, 
edge-enhancing filters are recommended 
for the manufacturing of precise medical 
models. 




Fig. 12.5. Osteosynthesis of complex midfa- 
cial fractures, corrective surgery planned. Vol- 
ume rendering of 64-slice CT (100 mAs, 120 kV, 
0.6 mm collimation, pitch 1.0, reconstruction 
slice thickness 0.6 mm, increment 0.4 mm, inter- 
mediate convolution filter) 



Differential Diagnosis 

CT is the most reliable imaging modality 
to diagnose midfacial trauma. It allows for 
a detailed analysis of the involved struc- 
tures. Reports should be formulated ac- 
cording to the international trauma classi- 
fications (LeFort, AO classification) when 
applicable (Table 12.2). CT is also accepted 
as the gold standard for paranasal sinus 
imaging in benign inflammatory disease, 
i.e., chronic sinusitis. Reports should ad- 
dress the extent of the disease and the 
presence of anatomical variations that 
may potentially entail sinusitis or that may 
be critical for endoscopic surgery [3,4]. Ill- 
defined soft tissue is generally designated 
as soft-tissue opacification since CT does 
not allow further differentiation. MRI is 
superior to CT for soft tissue evaluation. 
Hence, MRI should be used preferentially 
to CT for tumor diagnosis (Table 12.3) and 
in complications of inflammatory disease 
[5,6]. 
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Table 12.2. LeFort facial fractures [7] 



I 



eFort 1 Horizontal fracture of the alveolar process of the maxilla (teeth contained in th 
detached fragment) 

LeFort 2 Fracture of the body of the maxilla with pyramidal shape of the detached maxillary 

» fragment; fracture extends into the floor of the orbit, the hard palate including the 

pterygoid process and the nasal cavity 

LeFort 3 Entire maxilla and one or more facial bones are completely detached from the cra- 
niofacial skeleton; includes fracture of the zygomatic arch 



I 



Table 12.3. Staging criteria for maxillary sinus squamous cell carcinoma [8] 



T1 Tumor limited to mucosa with no erosion or destruction of bone 



- 



T4a 



T4b 




Tumor causing bone erosion or destruction including extension into th 

and/or middle nasal meatus, except extension to posterior wall of maxillary sinus and 

pterygoid plates 

Tumor invades any of thefollowing: boneofthe posterior wall of maxillary sinus,subcu- 
taneous tissues, floor or medial wall of orbit, pterygoid fossa, ethmoid sinuses 

Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal 
fossa, cribriform plate, sphenoid or frontal sinuses 

Tumor invades any of the following:orbital apex, dura, brain, middle cranial fossa, era 
nial nerves other than maxillary division of trigeminal nerve, nasopharynx, or clivus 
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13 Nasopharynx, Oropharynx, 
and Oral Cavity 



M. Keberle 



Indications 

• Staging of malignant tumors. 

• Suspected arrosion of the skull base, the 
hard palate or the mandible. 

• Parapharyngeal masses, inflammatory 
processes such as para- or retropharyn- 
geal abscesses. 

• Detection and differentiation of benign 
lesions. 



Patient Preparation 

Remove dental prostheses, etc., instruct 
patient to perform quiet breathing and not 
to swallow, supine, arms (and shoulders) 
downward. 



Topogram 

See Fig. 13.1a,b. 

Scan Parameters 




Fig. 13.1. a Topogram covering the entire 
pharynx and neck (for the majority of scan- 
ners, a gantry angulation is no longer possible). 
b Topogram showing two spirals avoiding den- 
tal artifacts (possible with a 4-row scanner) 



See Table 13.1. 

Example of Axial 
and Coronal Scans 

See Fig. 13.2a,b. 



Reconstructions 

Coronal multiplanar reconstruction (MPR) 
in both soft tissue and bone kernel is obliga- 
tory if an infiltration of the skull base or the 
hard palate is suspected. Moreover, coronal 
MPR is extremely helpful for evaluating of 
the floor of the mouth. 



Table 13.1. Scan parameters 




4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.75-1 


0.75-1 


0.75-1 




Tube current time product (mAs) 


180 


180 


180 




Pitch corrected tube current time 
product (eff. mAs) 


140-230 


140-230 


140-230 




Collimation (mm) 


1/1.25 (lower 
spiral 5 : 2.5) 


1.25/1.5 


0.6/0.625 




Norm, pitch 


1-1.3 


1-1.3 


1-1.5 




Reconstr.-slice increment (mm) 


3 

For recons 1.0 


2-3 

For recons: 1.0 


2-3 

For recons: 0.6 


Reconstr.-slice thickness (mm) 


3-5 

For recons: 

1.5 


3 

For recons: 

1.5-2 


3 

For recons: 

0.75-1 




Convolution kernel 


Standard 
(and bone a ) 


Standard 
(and bone a ) 


Standard 
(and bone a ) 




Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast media application 


Yes 


Yes 


Yes 




Concentration (mg iodine/ml) 


300 


300 


300 




Volume (ml_) 


100 


100 


100 




Injection rate (mL/s) 


1.5-2.0 


1.5-2.0 


1.5-2.0 




Saline chaser (ml_, mL/s) 


No 


No 


No 




Delay (s) 


50 (fixed) (40 b ) 


55 (fixed) 


55 (fixed) 





a For coronal MPR with bone kernel it is obligatory to exclude tumor infiltration of the skull 
base. 

b In the case of many dental fillings, two spiral acquisitions with different angulations are neces- 
sary (a shorter delay is also required for contrast injection) 



Criteria 

of Good Image Quality 

1. High-quality axial scans (absence of 
blurring, absence of gross motion arti- 
facts). 

2. High-quality coronal MPR. To evaluate 
the skull base, bone kernel reconstruc- 
tions are also necessary (maximum 
thickness: 3 mm). 

3. Good contrast enhancement of vessels 
and lesions (see Tips and Tricks). 



Tips and Tricks 

In the case of severe dental artifacts, a 4- 
row-scanner allows one to acquire two spiral 
data sets that may be angulated conversely to 
avoid the teeth. The first spiral covering the 
neck should be performed with a collimation 
of 2.5 mm. However, the second spiral cov- 
ering the nasopharynx must be performed 
with a collimation of 1.0 mm in order to ob- 
tain high-quality MPR of the skull base (see 
Table 13.1 showing the scan parameters). 
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Fig. 13.2. a Huge nasopharyngeal carcinoma 
with infiltration of the parapharyngeal fat spac- 
es and around the ICA (soft tissue window, axial). 
Note the importance of good vessel enhance- 
ment. The coronal MPR (b) shows the entire lon- 
gitudinal extension of the mass 



Fig. 13.4. T4-carcinoma of the nasopharynx 
with bony infiltration of the clivus (bone win- 
dow, axial MPR) 



Remember: the thinner the collimation the 
less prominent the artifacts. 

During a "diagnostic window" - be- 
tween 50 to 75 s after starting the injection 
of the contrast agent - both, an excellent 
tumor contrast (tumor rim versus sur- 
rounding muscle or fat) and good vessel en- 
hancement (> 150 HU; ROI measurement 
within the carotid artery) can be achieved 
(Table 13.1) [1]. 



Comments 




Fig. 13.3. Squamous cell carcinoma of the floor 
of the mouth with pronounced contrast en- 
hancement {black arrow) and with infiltration of 
the sublingual fat; ipsilateral lymph node metas- 
tasis {white arrow), also with infiltration of fatty 
tissue 



Tumor Staging 

The most frequent indication for CT of the 
nasopharynx, the oropharynx, or the oral 
cavity is to do local tumor staging in cases 
where the histology is already proven. The 
incidence of pharyngeal cancer is almost 
10/100,000 inhabitants, mostly affecting 
men between 50-70 years of age [2,3]. Clas- 
sical signs indicating a neoplastic lesion 
are tumor mass effect with distortion of 
normal anatomy, e.g., with asymmetrical 
lumen narrowing of the airway (Fig. 13.2), 
atypical and pronounced contrast enhance- 
ment, as well as infiltration of fat spaces 
(Fig. 13.3), and finally the direct destruc- 
tion of bone (Fig. 13.4) [2,4]. Due to impor- 




Table 13.2. TN-Staging of carcinoma of the na- 
sopharynx, oropharynx and the oral cavity [6] 



Fig. 13.5. Sharply delineated carcinoma of the 
base of the tongue (a) and ill-defined parapha- 
ryngeal abscess with central necrosis (b) 



tant therapeutical implications, such as the 
ability to resect, it is important to detect 
bony infiltration. Coronal MPR in both soft 
tissue and bone kernel are obligatory if an 
infiltration of the skull base is suspected. 
For detailed staging criteria please refer to 
Table 13.2 [5]. 

Regarding bony erosions CT is known 
to be superior to MRI, but regarding peri- 
neural tumor spread through skull base 
foramina and/or dural infiltration MRI is 
superior to CT [4,6]. Therefore, a combina- 
tion of CT and MRI is often necessary in the 
complete assessment of nasopharyngeal 
carcinoma. Moreover, MRI better distin- 
guishes if a lateral infiltration of the para- 
pharyngeal fat space exists, and this way 
better distinguishes between the T2a- and 



T- and N-stages of oropharyngeal carcino- 
mas and/or carcinomas of the oral cavity 


T1 


<2cm 








T3 


>4cm 




T4a 


Infiltration of the larynx, ex- 
trinsic muscles of the tongue, 
medial lamina of the pterygoid 
process, hard palate, and/or 
mandible 




T4b 


Infiltration of the lateral lamina 
of the pterygoid process, lateral 
pterygoid muscle, skull base, 
and/or internal carotid artery 


N1 


Unilateral single lymph node 
metastasis, <3 cm 




N2a 


Single unilateral lymph node, 
3-6 cm 




N2b 


Multiple unilateral lymph nodes, 
<6cm 


N2c 


Bilateral (or contralateral) lymph 
node(s), <6cm 


N3 


>6cm 




T- and N-stages of nasopharyngeal 
carcinomas 


T1 


Limited to the nasopharynx 




T2 


Infiltration of the oropharynx 

and/or nose 

T2a without parapharyngeal 

infiltration 

T2b with parapharyngeal 
infiltration 




T3 


Infiltration of skull base 
and/or paranasal sinuses 




T4 


Intracranial extension and/or 
infiltration of cranial nerves, the 
infratemporal fossa, the hypo- 
pharynx, the orbit, and/or the 
masticator space 


N1 


Unilateral cervical lymph 
node(s), <6cm 




N2 


Bilateral cervical lymph nodes, 
<6cm 




N3a 


>6cm 




N3b 


Supraclavicular lymph node 
metastasis 





13 Nasopharynx, Oropharynx, and Oral Cavity 



T2b-stages of nasopharyngeal carcinomas 
(Table 13.2). 



Inflammatory Processes 

In contrast to focal cancer, inflammatory 
processes, such as an abscess or a phleg- 
mone, tend to be more diffuse (Fig. 13.5). 
Furthermore, inflammatory processes ex- 
tend towards more deeply located submu- 
cosal and parapharyngeal fat spaces so that 
their entire extension is hard or impossible 
to evaluate clinically. The latter also holds 
true for primary parapharyngeal lesions, 
e.g., neoplasms, which are entirely located 
beneath an intact mucosa, so that a pathol- 
ogy other than carcinoma is very likely [2]. 
Deep extension or location can be easily 
evaluated with CT, especially if the man- 
dible is involved [4]. MRI, however, is supe- 
rior in case of severe dental artifacts and to 
differentiate any focal lesion from strongly 
contrast-enhancing lymphatic tissue at the 
level of the base of the tongue and the ton- 
sils [2,7]. 



Lymph Nodes 

Cervical lymph node metastases have a sig- 
nificant impact on the patient's prognosis. 
Thus, N-staging in patients with head and 
neck cancer is very important, and can be 



easily performed simultaneously (together 
with the T-staging) (Table 13.2). 

A combination of good vessel enhance- 
ment (for N-staging) and excellent tumor 
contrast (for T-staging) can be achieved 
with a single contrast bolus during spiral 
CT of oro- and/or nasopharyngeal carcino- 
mas (Table 13.1) [1]. 
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14 MDCToftheHypopharynx 
and Larynx 



R. Bruening 



Indications 

• Suspected tumor/mass of the hypophar- 
ynx or larynx. 

• Unclear findings on endoscopy. 

• Trauma to the laryngeal cartilages. 

Patient Preparation, 
Patient Positioning, 
Topogram/Scan Range 

• The patient should be positioned supine 
on the CT examination table. 

• Information regarding renal and thy- 
roid function (creatinine and TSH val- 
ues) should be obtained for contrast-en- 
hanced studies. 

• The patient's head should be positioned 
in the headrest. 

• Patient is instructed to resist swallowing 
or coughing for the moment of image ac- 
quisition. 

Table Scan Parameters 

See Table 14.1. 

Tips and Tricks 

• Patient instruction is important to get 
motion free data of the larynx: practice 
with the patient on the table before the 
topogram and inform the patient of the 
estimated length of scan. Breath-hold 
imaging is usually better tolerated by 
patients compared to phonation. 




Fig. 14.1. Topogram. The scan range should in- 
clude the region from the mandible to the jugu- 
lum as indicated 



• If an automated bolus tracking or a test 
bolus is not feasible, a fixed delay of 70 s 
can be used. 



Comments 

The most common indications to perform 
cross-sectional imaging of the hypophar- 
ynx and larynx include the detection and 
staging of squamous cell carcinoma and 
their differential diagnosis, nonsquamous 
cell tumors and laryngoceles, as well as 
traumatic lesions. In numerous institutions 
MDCT now is the first imaging modality of 
choice for a suspected mass, while MRI is 
reserved for evaluating lesions close to the 
cartilage or the ventricle (Fig. 14.1) (1). 

Imaging of the larynx, however, must 
be coordinated with the clinical exam. 



Table 14.1. MSCT imaging parameters for the optimized study of the larynx. Generally all laryngeal 
helical acquisitions should use the breath-hold technique. In special instances, the Valsalva maneu- 
ver or phonation may also be required 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanning parameters 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.5 


0.5 


Tube current time product (mAs) 


200-225 


135-225 


135-225 


Pitch corrected tube current time 
product (eff. mAs) 


150 


150 


150 


Slice collimation (mm) 


1/1.25 


0.625/0.75 


0.6/0.625 


Norm, pitch 


1.375-1.5 


0.9-1.5 


0.9-1.5 


Reconstruction increment (mm) 


1 


0.5 


0.5 


Reconstruction thickness (mm) 


1.25,3 






Contrast material: indication 
(e.g., arterial phase scan) 


Volume (mL) 110 100 110 


Injection speed (mL/s) 3 3 3 


Saline flush (mL, mL/s) 


40,3 


40,3 


40,3 


Delay arterial (s) 


Delay portal-venous (s) 70 80 80-90 



The information acquired at imaging usu- 
ally emphasizes the deeper tissues, while 
the superficial assessment of the laryngeal 
structures and the laryngeal mucosa and 
the histology is done by endoscopy. To em- 
phasize the role of imaging in this specific 
anatomic area, knowledge of the anatomy 
is key to understanding the extension of a 
lesion. 



Anatomy 

The larynx is subdivided into three com- 
partments: the supraglottic, the glottic and 
the subglottic level. These levels are de- 
fined by distinct anatomic landmarks: 



part of the hypopharynx. The hypo- 
pharynx also includes the postcrycoid 
area and the posterior pharyngeal wall 
caudally of the level of the base of the 
tongue. 

The laryngeal structures above the ven- 
tricle of the larynx and below the hypo- 
pharynx are the supraglottic level. 
The glottic larynx refers only to the true 
folds. It has been defined as stretching 
from the ventricle to a plane approxi- 
mately one centimeter below the ven- 
tricle. Here, the glottis merges with the 
subglottis (the lower part of the larynx). 
The subglottis extends from the lower 
margin of the glottis to the inferior mar- 
gin of the cricoid cartilage. 



The hypopharynx borders the larynx 
from above. The major borderline be- 
tween them is the aryepiglottic fold, 
where the lateral piriform recessus is 



The true vocal folds (cords) play a major 
role in speech generation (glottic level). 
They stretch across the lower larynx and 
are in the horizontal or axial plane. There is 
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Fig. 14.2. Anatomical drawing, a The three levels of the larynx are shown from a lateral view. The 
true vocal cord is labeled T, the false vocal cord F, while the arythenoid cartilage is marked A (draw- 
ing modified from [4]). b Sagittal reconstruction of MDCT data set (4 row). A 1-mm collimated ac- 
quisition is reformatted in overlapping 3-mm sagittal planes. Imaging during breath hold (normal 
anatomy) 



a small cease just above the true vocal folds 
called the ventricle. Immediately above the 
ventricle and true folds is a second pair of 
folds called the false vocal folds (Fig. 14.2) 
(4). Another important anatomic term is 
the anterior commissure. This is the point 
where the true folds converge bilaterally 
and insert anteriorly into the thyroid car- 
tilage. 

Cartilages define the structures of the 
larynx and help to orient the levels in the 
larynx. The cricoid is at the level of the 
glottis and subglottis. The upper posterior 
edge of the cricoid cartilage is actually at 
the level of the true folds and supports the 
tiny arythenoid cartilages (Fig. 14.2). The 
lower edge of the cricoid cartilage repre- 
sents the lower boundary of the larynx 
and, therefore, the lower edge of the sub- 
glottis. 

The key muscle is the thyroarytenoid 
muscle, best seen in the coronal plane 
(Fig. 14.3b). This forms the bulk of the true 
folds and extends from the arytenoid up to 
the anterior part of the thyroid cartilage at 
the anterior commissure. Deep and lateral 
to the throarythenoid muscle is the para- 



glottic space, normally filled with fatty tis- 
sue. In the case of tumor infiltration the 
paraglottic space becomes obliterated (Fig. 
14.4) and in more advanced cases this tu- 
mor infiltration also restricts movement of 
the vocal cords. 

Generally, advanced postprocessing 
techniques, such as 3D volume rendering, 
are too time consuming and so far consid- 
ered to be of limited use for the physician 
reading laryngeal images. However, image 
reconstruction techniques, such as MPRs 
(reconstructed thickness with an overlap 
of 2-6 mm), yield improved diagnostic re- 
sults. 

In general, for best results, a visualiza- 
tion procedure using standard MPR in all 
three planes is recommended. 

Pathology 

Over 90% of all masses in the region of the 
hypopharynx and larynx are squamous cell 
carcinomas. As a rule, these carcinomas 
arise from the mucosal surface, thus the 
clinical diagnosis is usually already made 




Fig. 14.3. Small supraglottic carcinoma originating from the aryepiglottic fold. Extension of the le- 
sion in the left preepiglottic space best seen in the axial plane (a). The craniocaudal extend is best 
observed in the coronal reconstruction (b) 




Fig. 14.4. T3-lesion on the left with infiltration 
of the paraglottic space (PA) in a 75-year-old 
man (coronal reconstruction) 



at the time of imaging and is relatively eas- 
ily confirmed by endoscopic biopsy. How- 
ever, endoscopy only confirms mucosal 
spread. The submucosal extend and the 
deep extend of the tumor is a question for 
the radiologist (2). 

Tumors of the hypopharynx most often 
arise in the piriform sinus (65%). Other lo- 
cations include the postcricoid area (20%) 
and the posterior pharyngeal wall (15%). 
While the more lateral tumors tend to in- 
filtrate into the soft tissues of the neck, 
laryngeal carcinomas arise from the su- 



praglottic region in 30%, the glottic region 
in 65%, and from the subglottic region in 
5%. 

The most common location for the su- 
praglottic tumors are the aryepiglottic fold 
and the epiglottis (Fig. 14.5). While these 
lesions in the more advanced stage are usu- 
ally inseparable from hypopharyngeal tu- 
mors arising from the piriform sinus, an 
exact staging still makes sense. In MDCT, 
these masses can be identified with moder- 
ate contrast enhancement. Obscuration of 
the fat planes indicates the lateral paraglot- 
tic infiltration (Fig. 14.4). Typical patterns 
of infiltration are anteriorly toward the epi- 
glottis and into the preepiglottic fat. They 
are best seen in axial and lateral reconstruc- 
tions. Alternatively, tumors infiltrate later- 
ally by direct involvement of the piriforme 
sinus and caudally towards the glottic level 
of the larynx. Supraglottic tumors arising 
from the epiglottis usually initially infil- 
trate the preepiglottic fat and both surfaces 
of the epiglottis (Fig. 14.5, Table 14.2). 

Tumors of the glottis typically arise from 
the vocal cords in the anterior and second 
third of the cords. Spread is initially seen 
towards and through the anterior commis- 
sure. Lesions of the anterior commissure 
may extend either into the thyroid cartilage 
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Fig. 14.5. a Large carcinoma infiltrating the 
entire epiglottis with both surfaces in a 58-year- 
old man. b Histology shows that the base of the 
epiglottic cartilage has been largely destroyed 
(arrow) 



or through the cricothyroid membrane into 
the soft tissues of the neck. In later stages 
tumors may extend into the thyroaryte- 
noid muscle, the deep paraglottic space and 
the cartilage (3), and towards the supra- 
and subglottic space. Coronal reforma- 
tions are recommended to exclude tumor 
extend towards the subglottic space, which 
is relatively common in tumors of the glot- 
tic level. This subglottic spread is difficult 



to detect on endoscopy, therefore CT can 
help to avoid underestimation of tumor size 
(Table 14.3). 

Primary subglottic carcinomas are un- 
common. Patterns of spread may include 
direct infiltration of the adjacent organs 
like the esophagus, trachea, or thyroid 
gland. 

Unusual malignant tumors of the larynx 
include chondrosarcomas and lymphomas. 
They are not differentiable from squamous 
cell carcinomas by contrast enhancement, 
but chondrosarcomas often feature the 
typical calcifications, a feature almost nev- 
er seen in squamous cell carcinomas. Both 
entities, chondrosarcomas and lympho- 
mas, do not arise from the mucosa, but are 
located entirely submucousally. 

A laryngocele can also present as a sub- 
mucosal swelling, but is actually totally 
benign. Laryngoceles can contain air or 
fluids. Internal laryngoceles are located 
within the larynx and extend superiorly 
in the paraglottic space. External laryngo- 
celes extend outside through the thyrohy- 
oid membrane and may form a swelling at 
the lateral neck. Laryngoceles result from 
an obstructive dilatation of the appendix of 
the ventricle. Even if laryngoceles are be- 
nign, they may be associated with a malig- 
nancy at the level of the true (or false) vocal 
cords. Therefore, careful evaluation of this 
level is important. 

Most patients with an acute trauma of 
the upper airway do not undergo CT eval- 
uation, but are referred directly to endos- 
copy or surgery. CT plays a role in identi- 
fying fragments of cartilage exposed into 
the airway. If these are not removed, chon- 
dritis can follow. On CT examination, the 
integrity of the thyoid cartilage, the integ- 
rity of the cricoid, and the position of the 
arytheniods should be carefully observed. 
While thyroid cartilage fractures can be 
vertical, horizontal, or in multiple frag- 
ments, the cricoid cartilage fractures are 
usually seen as bilateral fractures of the 
cartilage ring. 



Table 14.2. Staging of supraglottic carcinoma 



T2 



T3: 



Tumor limited to one region: 
-Epiglottis 
-Aryepiglotticfold 
-False vocal cords 



I 



Tumor invades more than one region: 
Normal vocal cord movement 
Infiltration of vocal cord: 
Postcricoidal region or preepiglottic 
Distant tumor extension (e.g., oropharynx) 




Table 14.3. Staging of glottic carcinoma 



T2 
T3 
T4: 



Tumor limited to vocal cord, normal movement 

Tumor extends to supra- or subglottis with normal or limited movement 

Fixation of vocal cord 

Invasion of cartilage or extension to distant 
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15 Multidetector CT-Diagnosis 
of Infectious Pulmonary Disease 



M. Horger 



Indications for MDCT-Diagnosis 

1. Characterization of pulmonary infil- 
trates unclear/suspected in chest X-ray. 

2. Evaluation of metapneumonic or para- 
pneumonic complications (abscess, em- 
pyema, mediastinitis). 

3. Unfavorable course of pneumonia in pe- 
diatric patients (e.g., necrotizing pneu- 
monia). 

4. Early diagnosis of (atypical) pneumonia 
in immunocompromised patients. 

5. Evaluation of accompanying manifesta- 
tion in lung tuberculosis. 

6. Biopsy of lung infiltrates under CT-guid- 
ance. 



Most CT images are obtained with the 
patient in the supine position. Images 
with the patient prone can also be ob- 
tained occasionally for differentiation of 
lung infiltrates from dependent atelecta- 
sis. 

At follow-up, low-dose high-resolution 
CT, which refers to the use of a reduced 
tube current (e.g., 30-40 mAs) for ob- 
taining high-resolution CT images of the 
lung, should be used in order to reduce 
radiation dose. Our experience corre- 
sponds with that of other researchers, in 
that anatomic detail is almost equivalent 
between low-dose and standard high- 
resolution CT [1,2]. 



Scan Parameters 



Comments 



See Table 15.1. 



Tips and Tricks 

• For detection and characterization of 
pulmonary infiltrates, inspiratory im- 
ages performed at full inspiration alone 
are usually sufficient. 

• Expiratory scans may be particularly 
useful to determine if a pattern of mo- 
saic attenuation is primarily caused by 
airway disease, vascular disease, or in- 
filtrative lung disease. 

• In patients following hematopoietic stem 
cell transplantation (HSCT), expiratory 
images also help in early detection of air 
trapping caused by bronchiolitis oblit- 
erans. Consequently, expiratory images 
are performed only optionally. 



Chest radiography is the most commonly 
used imaging tool in the diagnosis of in- 
fectious pulmonary disease due to its 
availability and excellent cost benefit ra- 
tio. However, its reliability is limited by 
significant interobserver variability in ra- 
diographic interpretation [3]. The adjunct 
diagnostic role of computed tomography 
(CT) and especially that of high-resolution 
CT is meanwhile well established. A better 
detection and characterization of pulmo- 
nary infiltrates is possible using CT. This 
is essential particularly in early diagnosis 
of pneumonia in immunocompromised pa- 
tients or in the diagnosis of therapy refrac- 
tory pulmonary infections. Nevertheless, 
the value of multidetector CT technology 
in thoracic imaging has not yet been widely 
investigated, with very few reports in the 
literature [4]. The first MDCT results, using 
thin-collimation protocols and high-spatial 



Table 15.1. Multislice spiral computed tomography protocols for HRCT. Investigations on different 
MDCT scanners 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Initial CT 


Tube voltage (kV) 




120 




Rotation time (s) 


1.0 


0.5 


0.5 


Tube current time product (mAs) 


65-80 


65-80 


60-70 


Pitch corrected tube current 
time product (eff. mAs) 


100-120 


100-120 


100-120 


Collimation (mm) 






0.75 


Norm, pitch 






0.57 


Reconstruction increment (mm) 


4(1) 


4 (0.8) 


4 (0.6) 


Reconstr.-slice thickness (mm) 


4(1.25) 


4(1.0) 


4 (0.75) 


Convolution kernel 


High-res 


High-res 


High-res 


Specials 


Breath hold in 
full inspiration 


Breath hold in 
full inspiration 


Breath hold in 
full inspiration 


Scan range 


Upper aperture/ 
diaphragm 


Upper aperture/ 
diaphragm 


Upper aperture/ 
diaphragm 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast material application 


None 


None 


None 


Follow up CT 
(selected parameters) 


Tube voltage (kV) 


120 


120 


120 


Tube current (mAs) 


30-40 


30-40 


30-40 


Postprocessing 


MPR, thin- 
sliding MIP 


MPR, thin- 
sliding MIP 


MPR, thin- 
sliding MIP 



reconstruction algorithms have shown that 
image quality is nearly comparable with 
that of incremental HRCT, with the advan- 
tage of gapless acquisition and potential 
to multiplanar reformations (MPR). Using 
thin-collimation protocols and suitable 
high-resolution reconstruction algorithms 
(kernel), follow up CT diagnosis can also 
be performed in low-dose technique by ac- 
ceptable image quality. 

Anatomy 

Lung parenchyma consists of a network of 
connective tissue called the lung intersti- 



tium and peripheral air-filled preformatted 
spaces. The interstitium of the lung can be 
divided into a central compartment that 
surrounds the bronchovascular bundles 
and the peripheral interstitium that in- 
cludes the interlobular septa and the sub- 
pleural interstitium. The secondary pulmo- 
nary lobule represents the smallest unit of 
lung structure marginated by connective 
tissue septa. The interlobular septa are 
not usually visible unless abnormal (with 
>0.1-mm thickness they become visible in 
HRCT). Structures of 0.2-0.3 mm can be 
routinely identified on HRCT when they 
are perpendicular to the plane of imaging. 
Within the lung parenchyma, the bronchi 
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and pulmonary artery branches are closely 
associated and branch in parallel. The 1.0- 
mm diameter bronchiole supplying the 
lobule has an approximately 0.1 5 -mm wall, 
just at the limit of HRCT and can not always 
be visualized. Postprocessing techniques 
such as multiplanar reformation (MPR), 
minimal- or maximal-intensity projection 
(MIP), or shaded-surface display (SSD), ac- 
quired with or without ECG-gaiting (pro- 
spectively, or retrospectively) have little 
impact on the diagnosis of pulmonary in- 
fection. However, anatomic relation of some 
pulmonary infiltrates to the bronchial tree, 
respectively to the vascular structures may 
sometimes be beneficial for diagnosis, par- 
ticularly in guiding biopsy or surgery (e.g., 
in solitary pulmonary mycetoma). 



MDCT Imaging of Pneumonia 




Fig. 15.1. 67-year-old patient presenting with 
signs of acute pulmonary infection. Axial MDCT 
image shows bilateral large lung infiltrates, in 
part (right lung) with lobar extension. Cultures 
from bronchiallavage revealed Legionella pneu- 



Community-acquired pneumonia (CAP) 
is the most common cause of parenchy- 
mal lung disease in immunocompetent 
patients. Most frequent causes of CAP are 
bacterial pneumonias, which show a pat- 
tern of lobar pneumonia or bronchopneu- 
monia, and are usually diagnosed by con- 
ventional chest radiographs. CT findings 
consist of areas of airspace consolidation 
that may be segmental or nonsegmental 
in distribution. CT-diagnosis is useful in 
particular cases because it sometimes re- 
veals lung infiltrates not visualized in the 
chest radiographs, and can assure the exis- 
tence of cavitation or other complications. 
Mycoplasma pneumonia, another frequent 
pathogen, has variable radiographic ap- 
pearances, which are nonspecific. In CT, 
however, common findings consist of cen- 
trilobular branching structures and nod- 
ules, bronchial wall thickening, airspace 
consolidation, and ground-glass attenua- 
tion with lobular distribution, which cor- 
relate well with histologic specimens show- 
ing bronchiolitis and lobular consolida- 
tion. Legionella pneumonia presents with 
segmental peripheral consolidations that 
spread rapidly producing opacification of 
one or more lobes (Fig. 15.1). They become 
bilateral in many cases. Depending on the 



clinical setting, in which pulmonary infec- 
tion occurs, it might sometimes be neces- 
sary to perform CT diagnosis for exclusion 
of other causes of bilateral opacified lungs. 
There are also unusual patterns of CAP 
such as round pneumonia and bilateral, 
multilobar pneumonia. Round pneumo- 
nia requires mostly CT diagnosis, in order 
to exclude malignancy. Positive airspace 
bronchogram and rush size and growth ki- 
netics suggest pneumonia. But differentia- 
tion from other pathological entities such 
as lymphoma (maltom) or hemorrhage 
sometimes proves difficult at the time the 
first CT is performed. CT survey is neces- 
sary in such cases. 

Nosocomial pneumonias (NP) are most- 
ly due to aerobic Gram-negative bacilli (en- 
terobacteria, E. coli, Pseudomonas aerugi- 
nosa). Their radiographic pattern may be 
quite variable, consisting mostly of bilater- 
al diffuse, or multiple foci of consolidation. 
CT may be of great help in some cases when 
the chest films are inconclusive, especially 
in patients with ARDS. 

Pleural effusion, empyema, and more 
seldom lung gangrene are complications of 
pneumonia, which occur mostly in patients 




Fig. 15.2. 58-year-old male patient with GvHD 
following PBSCT by aplastic anemia, actually 
complaining about fever and cough. Large nod- 
ule with central cavitation is seen in the left 
lung upper lobe. Note also the accompanying 
pulmonary sequester due to infarction by vas- 
cular invasion 



Fig. 15.3. 56-year-old male patient with pro- 
gressive dyspnoea and fever, following HSCT 
by acute myelogenous leukemia. Axial MDCT 
image shows GGO and reticulation with delinea- 
tion of secondary pulmonary lobules. Fine cen- 
trilobular nodules are also present. The patient 
succumbed to CMV pneumonia a few days later 




Fig. 15.4. 37-year-old male HIV+ patient com- 
plaining about progressive dyspnoea. Axial CT 
image shows diffuse GGO with focal sparing of 
the subpleural lung parenchyma. PCP was di- 
agnosed by bronchial alveolar lavage 



Fig. 15.5. 23-year-old female patient with T-cell 
non-Hodgkin lymphoma presenting with fever 
and dyspnoea. Axial MDCT image reveals patchy 
GGO in both lung lower lobes. Adenovirus pneu- 
monia was diagnosed by bronchial alveolar la- 
vage. The patient also developed an ADV colitis 
over the next few days 
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with a late-onset of antimicrobial therapy, 
or in immunosuppressed patients. 

In children, the primary role of CT in 
bacterial pneumonia is when children fail 
to respond to treatment, and complica- 
tions are suspected. Following intravenous 
contrast material administration, lung ab- 
scesses, characterized by an air-fluid level 
and a reactive rim, as well as necrotizing 
pneumonias characterized by nonenhance- 
ment, can be correctly diagnosed. Further- 
more, aspiration, or drainage of lung ab- 
scesses can be performed optimally under 
CT-guidance. 

Infectious complications are the major 
risk during neutropenia induced by high- 
dose chemotherapy and the lung is the most 
frequently involved organ. The use of CT, 
especially HRCT, for investigation of the 
lungs in HSCT recipients has been investi- 
gated extensively. 

Candida species, the most frequent mi- 
croorganisms, are mainly associated with 
ground-glass opacities (GGO) and ill-de- 
fined nodules, and are rarely associated 
with consolidation. The Aspergillus spe- 
cies, the second most frequent microorgan- 
isms, is mainly associated with ill-defined 
nodules, or focal consolidations (Fig. 15.2). 
A marginal GGO ("halo" sign), or the oc- 
currence of the "crescent" sign or cavita- 
tion at follow-up are suggestive of pulmo- 
nary infection with angiotropic fungi [5]. 
In approximately 30% of cases of invasive 
aspergillosis, the fungus invades the air- 
ways, where the abnormalities in CT have 
a peribronchial or peribronchiolar distri- 
bution ("tree in bud"). The most common 
pathogens responsible for early phase com- 
plications after HSCT are cytomegalievi- 
rus (CMV) (Fig. 15.3) and Pneumocystis 
carini (PCP) (Fig. 15.4). The HRCT-mani- 
festations of CMV pneumonia are known 
to be polymorphous consisting mainly of 
ground-glass opacities, airspace consoli- 
dations, nodular or a reticulonodular pat- 
tern, which in a specific clinical context 
are suggestive of this diagnosis, but not 
specific. The most characteristic finding in 
HRCT for patients with PCP is GGO, which 
can be diffuse, predominantly perihilar, or 
have a mosaic pattern with sparing of ad- 



jacent secondary pulmonary lobules. Viral 
pneumonias, such as those caused by her- 
pes simplex, hemophilus influenza, respi- 
ratory sincitial virus, adenovirus (ADV) 
(Fig. 15.5), and others are difficult to di- 
agnose on conventional radiographs [6,7]. 
Differentiation from other complications 
(e.g., hemorrhage, pulmonary edema, id- 
iopathic pneumonia syndrome, diffuse al- 
veolar damage, or cryptogenic organizing 
pneumonia) induced by high-dose chemo- 
therapy or HSCT, requires CT-diagnosis in 
most cases. 

In conclusion, CT, particularly HRCT, 
plays a pivotal role in the diagnosis of pul- 
monary infection, due in the first line to 
the continuous progress in the character- 
ization of atypical pulmonary infiltrates 
and their complications by the community 
of chest radiologists. MDCT technology 
makes a gapless chest CT investigation in 
HR-like quality possible, and therefore in- 
creasingly represents a substitute to incre- 
mental HRCT. 
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Indications 

Routine Chest 

• Mediastinal and axillary lymph nodes. 

• Tumors of the anterior, medial, and pos- 
terior mediastinum. 

• Staging. 

• Abscesses. 

• Thoracic abnormalities. 



HR-Chest (Helical) 

• Diffuse lung diseases. 

Combi Thorax 

Evaluation of the lung tissue in conjunction 
with detailed analysis of the mediastinal 
structures. 

• Sarcoidosis. 

• To evaluate bronchogenic carcinoma or 
other. 



HR-Chest (Sequential in Supine and 
Prone Position) 



Scan parameters for the detection of 
aspergillosis should include 0.5-1. 0-mm 
collimation, 120 kV, 100 eff. mAs, a table 
feed of 10 mm, reconstruction thickness of 
1 mm, kernel: high resolution, and a rota- 
tion time of at least 0.5 s. Contrast material 
is not necessary. 



HR-Chest (Inspiration/Expiration) 

• Small airways disease (scanning in in- 
spiration und expiration to detect small 
airways disease using the air-trapping 
sign). 

For the HR-chest inspiration/expiration 
technique (for small airways disease) the 
patient positioning should be in supine po- 
sition with arms elevated over the head. 

Scan parameters should include 0.6-1.0- 
mm collimation, a pitch of 1.25-1.5, 120 kV, 
120 eff. mAs, reconstruction thickness of 
1 mm at an increment of 3 mm, the kernel 
in high-resolution mode, and a rotation 
time of at least 0.5 s in the caudocranial 
scan direction. Contrast material is not 
necessary. 



• Asbestosis. 

Examination is in supine and prone posi- 
tions, arms elevated over the head. The ex- 
amined region should reach the lung apices 
to below the diaphragm. Scanning in the 
supine and prone position is recommended 
here to differentiate between initial lung fi- 
brosis and hydrostatic subpleural dystelec- 
tasis. 



Lung Cancer Screening 

• Screening examination for lung cancer 
(for populations with high risk for lung 
cancer, see text). 

For lung cancer screening the patient po- 
sitioning is supine, arms elevated over the 
head. Scanning with a low-dose technique 
is recommended to avoid higher radiation 



burden at the price of slight image degrada- 
tion. 

Scan parameters should include col- 
limation from 0.6 mm (64 row) to 1.0 mm 
(4 row), pitch 1.25-1.5, 120 kV, 20 eff. mAs, 
reconstruction thickness of 1 mm (sharp 
kernel) and 3 mm (soft kernel) at an incre- 
ment of 0.5 mm and 3 mm, respectively. A 
rotation time of at least 0.5 s in the caudo- 
cranial scan direction. Contrast material is 
not necessary. 



Pediatric Routine Chest (Helical) 

• Mediastinal and axillary lymph nodes. 

• Tumors of the anterior, medial, and pos- 
terior mediastinum. 

• Staging. 

• Thoracic abnormalities. 

• Abscesses. 

For the examination of children, adaptation 
of the scanning parameters is essential. For 
the kV and mAs values please refer to the 
tables in Chap. 5. 

Scan parameters should include colli- 
mation from 0.6 mm (64 row) to 2.5 mm (4 
row), pitch 1.25-1.5, reconstruction thick- 
ness of 3 mm (soft kernel) at an increment 
of 2-3 mm. Rotation time of 0.5 s in the 
caudocranial scan direction. Contrast ma- 
terial: 2 mL/kg bodyweight, with an upper 
limit of 100 mL. 



Scan Parameters 



See Table 16.1. 



Tips and Tricks 

• For screening of lung nodules or inflam- 
matory changes only, the low-dose pro- 
tocol should be used. 

• To confirm a nodule found on a chest ra- 
diograph, intravenous contrast admin- 
istration is not mandatory. 

• In pediatric patients, due to the short ex- 
amination time, the bolus can be missed 
by errors in timing. 



Demarcation of the esophagus can be 
optimized by administering a barium 
suspension shortly before starting the 
scan. 



Introduction 

The lung is a very complex part of the body. 
Here, every imaging process deals with 
the problem of breathing, the transmitted 
movements of the heart, and that the great 
vessels induce movement of the lung. As a 
consequence, imaging must be fast, must 
allow differentiation of tissues with simi- 
lar attenuation values and has to offer high 
resolution to detect small pathologies. 

CT has dramatically altered the diag- 
nostic approach to lung disease, because 
the images are free of superimposition of 
neighboring structures in the direction of 
the X-ray beam. In the late 1980s, high-res- 
olution CT (HRCT) was added as a power- 
ful tool for evaluation of diffuse lung dis- 
ease. However, a complete acquisition of 
the whole chest could not be acquired with 
the HR mode due to limitations of the scan- 
ner and necessary breath-hold time of the 
patients. 

A quantum leap in the development of 
CT scanners came with the introduction 
of multidetector row CT (MDCT) which 
provided the potential to combine a high- 
er spatial resolution with a shorter acqui- 
sition time. Thus, for the first time it was 
possible to image the entire chest in one 
breath hold with a collimation of 1 mm, 
which meant scanning the whole lung vol- 
ume in the HR mode. Using ECG trigger- 
ing, the moving artifacts of the heart and 
the large vessels could be reduced or omit- 
ted. 

Multidimensional imaging with near 
isotropic voxels and fewer artifacts is now 
possible with the latest scanners. Com- 
puter hardware and software have simi- 
larly improved such that a two- or three- 
dimensional image reconstruction (e.g., 
MIP, SSD, volume rendering, and virtual 
endoscopy) can be easily performed. 
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Table 16.1. List of common CT patterns and corresponding lung diseases 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanning parameters 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.5 




Tube current time product (mAs) 


110-180* 


110-180* 


110-180* 




Pitch corrected tube current time 
product (eff. mAs) 


90-120* 


90-120* 


90-120* 




Slice collimation (mm) 


1/1.25 


0.625/0.75 


0.6/0.625 




Norm, pitch 


1.2-1.5 

caudocranial 

direction 


1.2-1.5 

caudocranial 

direction 


1.3-1.5 

caudocranial 

direction 




Reconstruction increment (mm) 


5 

For high resolu- 
tion: 5* 


5 

For high resolu- 
tion^* 


5 

For high resoli 

tion: 5* 


j- 


Reconstruction thickness (mm) 


5 

For high resolu- 
tion: 1-1.25 
craniocaudal 
direction 


5 

For high resolu- 
tion: 0.75-1 
craniocaudal 
direction 


5 

For high resoli 

tion: 0.6-0.75 

craniocaudal 

direction 


j- 


Convolution kernel 


High resolution/ 
standard 


High resolution/ 
standard 


High resolution/ 
standard 


Contrast material 


If applicable 


If applicable 


If applicable 




Volume (mL) 


Monophasic 


Monophasic 


Monophasic 




Injection speed (mL/s) 


80 


80 


80 




Saline flush (mL, mL/s) 


m 


^| 






Delay arterial (s) 


30 


30 







For parenchymal changes only (not applicable for metastasis or other nodular disease) 



The Central Airways: 

Are Axial Slices not Enough? 

Limitations of axial slices include the diffi- 
culty to visualize airways oriented oblique- 
ly to the axial plane, the inadequate display 
of complex three-dimensional relation- 
ships of the airways, underestimation of the 
craniocaudal extension of the disease, and 
limitation in the detection of subtle airway 
stenoses. Multiplanar and three-dimen- 
sional image reconstructions can help to 
overcome these limitations, but necessitate 
narrow collimations (1 or 2 mm). Beyond 3- 
mm collimation, the resulting stair-step ar- 



tifacts will degrade the image significantly. 
The use of overlapping reconstruction in- 
tervals is less important when very narrow 
collimation is used. 

With 16- or 64-slice CT scanners, three- 
dimensional reconstructions can be cre- 
ated without the need for additional acqui- 
sitions, because the primary collimation is 
then 0.75 or 0.6 mm, respectively. For opti- 
mal visualization of anatomy and pathol- 
ogy in multiplanar and three-dimensional 
images, a standard or smoothing algorithm 
is preferable to an edge-enhancing or lung 
algorithm (Figs. 16.1-16.3). 




Fig. 16.1. Left side lung cancer. Palliation with 
stenting the left main bronchus. MPR. Note the 
stent dislocation into the distal tracheal lumen 




Fig. 16.2. Same patient as Fig. 16.1. Reconstruc- 
tion with minlP. Note the dystelectasis in the left 
upper lobe 



Airway imaging is performed routinely 
at deep inspiration. But to assess for ex- 
cessive airway collapse, that is, to evaluate 
the degree of tracheobronchomalacia in 
patients with a large goiter preoperatively, 
we perform an additional sequence dur- 
ing dynamic exhalation. In this particular 
case, low-dose techniques (40 mAs or less) 
are sufficient for delineation of trachea di- 
mensions. 



Fig. 16.3. Same patient as Fig. 16.1. Detailed 
view in virtual endoscopic technique. View from 
the trachea into the stent lumen 



Indications for multiplanar reforma- 
tions: 

• Airways stenoses and webs 

• Complex airway diseases 

• Extrinsic airway compression 

• Tracheobronchomalacia 

• Poststent placement 

Lung Nodule Detection 
and Characterization 

When you have a lung without a nodule, the 
slice thickness was too large! 

Pulmonary nodules remain a diagnostic 
dilemma. They are often only incidentally 
detected or with a chest CT, performed to 
evaluate a nodule suspected at CR, more 
nodules could be identified. When any 
nodule found on CT images is operated on, 
the mortality becomes higher from sur- 
gery than from lung cancer. So, it is a great 
challenge to detect and to characterize the 
nodules, and to carefully recommend fur- 
ther evaluations after a nodule is identified 
(e.g., watch and wait, imaging with other 
modalities, biopsy, or surgery). 
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Fig. 16.4. Small subpleural lung nodule {arrow). 
Visualization with 120 kV and 120 mAs 



Attempts to differentiate nodules as be- 
nign versus malignant have relied on clas- 
sifications focused on: 

• Morphology 

• Enhancement characteristics 

• Densitometry 

• Growth patterns 

Multislice CT here offers some benefits to 
single row scanners in detection and char- 
acterization of lung nodules. On scans ac- 
quired with 8- to 12-mm collimation, which 
is typical for single-row CT scans used to 
scan the chest in a single breath hold, small 
lesions may be missed due to a partial vol- 
ume effects. With 1-mm or thinner colli- 
mation, every nodule can be delineated and 
localized in a lung segment. 

For the screening of high-risk popula- 
tions for lung cancer, low-dose techniques 
(20 and 50 mA) are currently investigated. 
This reduces the radiation burden to 1/10 of 
the normal dose CT protocol. When com- 
paring low-dose with diagnostic CT no 
decrease in recognition of small nodules 
could be found (Figs. 16.4 and 16.5). 

For the large data sets that are produced, 
cine viewing or MIP facilitates differentia- 
tion of vessels from nodules. 



Fig. 16.5. Small subpleural lung nodule {arrow). 
Visualization with 120 kV and 20 mAs. Please 
note the higher noise rate with 20 mAs, but the 
diagnosis can be made nonetheless 



Computer-aided diagnosis (CAD) may 
play a role to avoid false negative readings. 
Use of CAD as a second reader may not only 
decrease the number of missed nodules, 
but also improve clinical efficiency. Vol- 
ume and morphologic analysis of nodules 
are also facilitated by computerized tech- 
niques. The follow-up of nodules and espe- 
cially the detection of small size differences 
is fast and reliable for daily work (Figs. 16.6 
and 16.7). 

Morphologic patterns, which can help to 
differentiate a malignant from a benign in- 
trapulmonary lesion, are: 

• Margin contours (spiculated, lobulated, 
smooth) 

• Feeding vessel sign 

• Internal characteristics (pseudocavita- 
tion, air bronchograms) 

• Halo sign 

• Calcifications (benign: central, popcorn, 
solid, lamellated; malignant: stippled, 
eccentric) 

• Fat 

Utilizing nodules greater than 10 mm, Sw- 
enson et al. demonstrated in a multicenter 




Fig. 16.6. Automatic nodule detection, seg- 
mentation and three-dimensional measuring. 
This allows for high quality follow-up examina- 
tions, where a nodule growth can be detected 
before the nodule has doubled its size (courtesy 
of P. Herzog, Munich) 




Fig. 16.7. Lung nodule in a three month fol- 
low-up. The volume of the lung node increases 
significantly from 163 to 260 mm 3 , but the diam- 
eter in the x- and y-axis increases only at 1.5 mm, 
which is not reliable to measure on axial images 



study 98% sensitivity and 58% specificity 
for benignity using less than 15 HU as the 
maximal amount of enhancement from 
precontrast images. For smaller nodules, 
when respiratory motion is present or when 
the enhancement is heterogeneous due to 
partial necrosis, the value of enhancement 
for nodule characterization is substantially 
lower. However, multislice CT has facili- 
tated characterization of small nodules by 
reducing partial volume effects. But it is 
important to keep in mind that every cri- 
terion is relative. Fat is a sign of benignity 
(lipoid pneumonia, hamartomas), but can 
be found in metastases from liposarcomas. 



Entire calcification of a nodule is a sign of 
benignity (granuloma), but can be detected 
in mets from osteosarcomas. 

The last important pattern is the growth 
rate, expressed as the term tumor volume 
doubling time (VDT). Radiographic studies 
have shown that lung cancers have a range 
between 20 and 400 days. That means sta- 
bility on radiograph for two years implies 
benignity. Multislice CT offers the benefit 
of measuring nodule volume when nearly 
isotropic imaging is performed. Nodule 
volume quantification has the potential to 
detect smaller differences in nodule size 
at earlier intervals than simply relying on 
cross-sectional dimensions. Problems with 
this method are the reproducibility and 
partial volume effects. 

Diffuse Lung Diseases 

High-resolution CT (HRCT) is a sampling 
technique with large interspace gaps be- 
tween the thinly collimated sections. Tak- 
ing into account that diffuse interstitial 
lung disease involves multiple areas of the 
lung, this gap would not substantially de- 
grade the diagnostic utility. Helical tech- 
niques using single-slice CT have not added 
benefit in most instances. Drawbacks of the 
above-mentioned HR scanning method are 
that familiar landmarks and the underly- 
ing normal lung (normal vascular, bron- 
chial, and lobular) anatomy may not be 
well appreciated. If only HR scanning with 
gaps was performed, the lymph node evalu- 
ation and the nodule detection in the lung 
parenchyma were suboptimal. MDCT can 
fundamentally change the approach to dif- 
fuse lung disease. Scanning primarily with 
a thin collimation enables the evaluation of 
HR images when and where needed. Also, 
with reconstructed thicker images, the ana- 
tomic landmarks can be better visualized. 
With a 64-row scanner, for example, the 
acquisition of the entire lung with 1-mm 
reconstructed slice thickness takes fewer 
than 10 s, a time period in which even a 
dyspnoeic patient is able to hold his breath. 
Volumetric data sets obtained in the chest 
can be reconstructed with MPRs, offering 
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that all zones of the lung can be evaluated 
simultaneously, from the apices through 
the bases, in either the coronal or sagittal 
direction. Variations in regional disease, 
including subtle variations in lung attenu- 
ation, will be better appreciated with this 
approach. 

To diagnose small airways disease, the 
comparison of in- and expiratory thin col- 
limated images is very helpful. The typical 
sign of small airways disease is the mosaic 
ventilation, which results from air trapping 
in affected lung zones and consecutive hy- 
perinflation in correlation with the normal 
lung zones, where an increase in lung den- 
sity can be found at expiration. 

The best approach to diagnose diffuse 
lung disease is the recognition and analysis 
of the different patterns. The most impor- 
tant and common patterns will be listed in 
the following section. 

• Nodule: round opacity, at least moder- 
ately well marginated and no greater 
than 3 cm (and usually less) in maxi- 
mum diameter. 

• Linear opacity: an elongated, thin line of 
soft-tissue attenuation. 

• Septal thickening: abnormal widening of 
an interlobular septum or septa, usually 
caused by edema, cellular infiltration, 
or fibrosis. May be smooth, irregular, or 
nodular. 

• Intralobular lines: fine linear opacities 
present in a lobule when the intralobular 
interstitium is thickened. When numer- 
ous, they may appear as a fine reticular 
pattern. 

• Reticulation: innumerable, interlacing 
line shadows that suggest a mesh. A de- 
scription term usually associated with 
interstitial lung disease. May be fine, 
intermediate, or coarse. Synonyma: re- 
ticular pattern. 

• Cyst: a round, parenchymal space with 
a well-defined wall; usually air-contain- 
ing when in the lung but without asso- 
ciated pulmonary emphysema (Figs. 
16.8-16.10). 

• Bulla: a round, focal air space, 1 cm or 
more in diameter, demarcated by a thin 



wall; usually multiple or associated with 
other signs of pulmonary emphysema. 

• Honeycombing: clustered cystic air 
spaces, usually of comparable diameters 
on the order of 0.3-1.0 cm, but as much 
as 2.5 cm, usually subpleural and char- 
acterized by well-defined walls, which 
are often thick. 

• Ground-glass opacity: hazy increased 
attenuation of lung, but with preserva- 
tion of bronchial and vascular margins; 
caused by partial filling of air spaces, in- 
terstitial thickening, partial collapse of 
alveoli, normal expiration, or increased 
capillary blood volume. 

• Consolidation: homogeneous increase 
in pulmonary parenchymal attenuation 
that obscures the margins of vessels and 
airway walls. An air bronchogram may 
be present. 

• Air trapping: decreased attenuation 
of pulmonary parenchyma, especially 
manifest as less than normal increase 
in attenuation during expiration. To be 
differentiated from the decrease attenu- 
ation of hypoperfusion (Fig. 16.11) sec- 
ondary to locally increased pulmonary 
arterial resistance. 

CT features of common lung diseases are 
listed in Table 16.2. 



Pediatric Multidetector Chest CT: 
High-End Machine 
for Low-Size Patients? 



Young patients will especially profit form 
shorter acquisition times in combination 
with higher resolution. Chest CT and CT 
angiography can be performed with doses 
of about 2 cc/kg bodyweight. Contrast can 
be injected either by the use of power injec- 
tors or by hand. The author recommends 
a manual injection if the angiocatheter is 
in peripheral portion of extremities, or 
when blood return is poor. To avoid scan- 
ning at the wrong time, we recommend a 
bolus tracking technology when possible. 
To reduce unnecessary radiation burden, 




Fig. 16.8.-16.10. 1-mm high-resolution images and 6-mm images in soft-tissue kernel can be ac- 
quired with a single scan. Young female with lymphangioleiomyomatosis (LAM). The coronal MPR 
best visualizes the entire craniocaudal extension of the pathology 




Fig. 16.11. HRCT. Patient with chronic pulmo- 
nary embolism. Note the mosaic pattern in the 
left lung, due to hypoperfusion in the low atten- 
uation areas. In these lung segments, the vessel 
diameter is reduced 



the milliampere and kilovolt values must 
be adjusted to age, bodyweight, and size. If 
just airway evaluation is indicated, then rel- 
atively low tube current and kilovoltage can 
be used (i.e., 80 to 100 kV[p], 20 to 40 mA). 
The indications for a chest CT in pediatric 
patients differs from the adults. Common 
indication in children are the evaluation of 
congenital abnormalities of the lung, medi- 
astinum, and the heart (see Chap. 5), and 
as known from the adult group, evaluation 
of infection and complication of infections, 
and cancer detection and surveillance. 
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Table 16.2. List of parameters for 4-, 16-, and 64-rowCT for different indication groups 




Patterns 

Nodules 

Lines, thickened septa 
Lines, intralobular or reticular 



Common lung diseases* 

Sarcoidosis, HX, hypersensitivity pneumonitis, silicosis, 
metastatic cancer 

Lung edema, lymphangitic carcinoma, infection 
(PCP, mycoplasma), drug reaction 
IPF, asbestosis, collagen vascular disease, 
pulmonary alveolar proteinosis 



Lines, curvilinear, subpleural 
Lines, parenchymal bands 


Asbestosis, IPF, congestion in dependent lung 
Asbestosis, scarring from pleural disease 


Lung cysts 


Distinguish from emphysema, HX, LAM, 
lymphoid interstitial pneumonitis 


Honeycombing 


Asbestosis, IPF, collagen vascular disease, sarcoidosis, 
hypersensitivity pneumonitis 


Ground-glass opacity 


BOOP, hypersensitivity pneumonitis, drug toxicity, DIP, 
pulmonary alveolar proteinosis, sarcoidosis 


Consolidation 


BOOP, eosinophilic pneumonia, alveolar cell carcinoma, 
lipoid pneumonia, pulmonary alveolar proteinosis, pulmo- 
nary embolism 


Decreased lung attenuation 


Constrictive bronchiolitis, panlobular emphysema, pulmo- 
nary embolism 


Mosaic pattern 


Constrictive bronchiolitis, pulmonary embolism, diseases 
causing ground-glass opacity 



Abbreviations: pulmonary histiocytosis X (HX), Pneumocystis carinii pneumonia (PCP), idio- 
pathic pulmonary fibrosis (IPF), lymphangioleiomyomatosis (LAM), bronchiolitis obliterans 
with organizing pneumonia (BOOP), desquamative interstitial pneumonia (DIP) 
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Indications 



Tips and Tricks 



1. Atypical chest pain. 

2. D-Dimer elevation. 

3. Unclear dyspnoe. 

4. Follow-up patients with known pulmo- 
nary embolism. 

5. Screening for high-risk patients with 
known deep-vein thrombosis. 



Patient Preparation 

• Since this protocol may be used for pa- 
tients in potentially life-threatening 
situations, no special preparation is 
needed. This protocol can also be used 
for critically ill patients. 

• 20 or preferably 18 G i.v. access antecu- 
bitally. Also central i.v. catheters can be 
used if necessary. If a Shaldon catheter is 
present, it is the access of choice. Avoid 
the use of 20 or 22 G small-bore periph- 
eral i.v. lines. 

• Topogram/scan range: entire chest. Su- 
pine position (Fig. 17.1). 

• Some centers prefer to additionally scan 
the abdomen, if a pulmonary embolism 
is detected. Thus, plan a conventional 
late-venous-phase abdominal scan in- 
corporating the proximal deep femoral 
veins (mid-thigh) beforehand. This exam 
is only executed when a pulmonary em- 
bolism is detected. The advantage is that 
no additional CM is needed. 



Scan Parameters 



See Table 17.1. 



1. Make sure i.v. access is fully patent and 
all valves and lines are cleared, especial- 
ly with ICU patients. 

2. Execute one full table movement with all 
ICU patients to assure full clearance of 
all tubes and lines, especially all respira- 
tory tubes. 

3. Coronal reformats greatly facilitate the 
communication with referring clini- 
cians who may not be as experienced in 
reviewing CT images as radiologists are. 



Rationale for Scanning and History 
of Pulmonary Embolism Imaging 

Pulmonary embolism (PE) is the cause of 
10% of all deaths in hospital and is a con- 
tributing factor in another 10%. Many 
patients who have pulmonary embolism 
proven at autopsy did not have the diagno- 
sis made ante mortem. Two recent studies 
show that the prevalence of pulmonary em- 
bolism among all patients who undergo CT 
scanning for reasons other than pulmonary 
embolism is about 1-2% [1,2]. 

The radiological diagnosis of pulmonary 
embolism is made using chest radiographs 
(CXR), ventilation perfusion lung scanning 
(VQ scans), or pulmonary angiography. 

Chest X-ray is a nonspecific and rela- 
tively insensitive screening test. The clas- 
sic plain-film sign of pulmonary embolism 
seen in less than 7% of cases, and in nearly 
half the cases when present, is not specific 
for pulmonary embolism. The main role of 
a chest X-ray has been to exclude other pa- 




Fig. 17.1. Topogram. Arms above head. This is a standard protocol imaging the thorax only. Some 
centers prefer to plan an additional abdomen scan to look for DVT in case a PE is detected 



thologies, such as pneumonia or an under- 
lying neoplasm. 

Nuclear scintigraphy or VQ lung scan- 
ning is a technique that provides reliable 
information about the probability of a pul- 
monary embolism only in combination 
with clinical information. If a VQ scan is 
read as high probability for pulmonary em- 
bolism in combination with high clinical 
suspicion, pulmonary embolism is indeed 
present in 96% of the cases. However, the 
problem remains that in clinical practice a 
considerable number of VQ scans are read 
as indeterminate [3,4]. 

Pulmonary angiography has been the 
gold standard for the evaluation of sus- 
pected pulmonary embolism. However, its 
use has been limited by a number of fac- 
tors including the paucity of radiologists 
trained to do pulmonary angiography, the 
invasiveness of the procedure, its potential 
complications, and its increased risk in in- 
stable patients [5]. 



Multislice CT and PE Imaging 

Already, the introduction of spiral CT with 
its considerably faster acquisition times 
as compared to sequential nonspiral CT 
brought considerable improvement es- 
pecially to vascular imaging. Since 1992 
studies have concluded that CT can depict 
thromboemboli in the second to fourth di- 
vision pulmonary vessels [6]. By 1997, stud- 
ies by Mayo concluded that "the sensitivity 
of spiral CT is greater than that of scintig- 
raphy. Interobserver agreement is better 
with spiral CT" [7]. In the late 1990s some 
articles also addressed the comparison of 
conventional angiography and spiral CT 
angiography [8]. The results showed that 
CT had a 100% positive predictive value, 
with a prospective sensitivity of 91%. These 
encouraging results have been further im- 
proved by the introduction of multidetector 
CT (Fig. 17.2). 
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Table 17.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Rotation time (ms) 


500 


370-500 


330-420 




Tube voltage (kV) 


120 


120 


120 




Tube current time product (mAs) 


110 


110 


125 




Pitch corrected tube current time 
product (eff. mAs) 


120 


120 


140 




Collimation (mm) 


2.5 








Norm, pitch 


0.9 


0.9 


0.9 




Reconstruction increment (mm) 


3.0 








Reconstr.-slice thickness (mm) 


3.0 


1.0 


0.6 




convolution kernel 


standard 


standard 


standard 




Specials 


Bolus tracking 


Bolus tracking 


Bolus tracking 




Scan range 


Upper aperture 
to diaphragm 


Upper aperture 
to diaphragm 


Upper aperture 
to diaphragm 


Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 




Contrast media application 










Concentration (mg iodine/mL) 


350-400 


350-400 


350-400 




Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 




Volume (ml_) 


120-150 


80-120 


60-120 




Injection rate (mL/s) 


3.5 


3.5 


3.5 




Saline chaser (ml_, mL/s) 


30, 3.5 


30, 3.5 


30, 3.0 















The current generation of MDCT devices 
(up to 64 detectors) can obtain thin sec- 
tions up to 0.5 mm with a resolution down 
to 0.4x0.4x0.4 mm and yet allow the study 
to be performed with a less than 10-s breath 
hold. 

This may improve the diagnosis of pul- 
monary embolism and is especially impor- 
tant for determining the location and extent 
of the thrombus. Obviously, thin sections 
improve the depiction of small peripheral 
emboli. The high spatial resolution of sub- 
millimeter collimation data sets now allows 
evaluation of pulmonary vessels down to 
sixth-order branches and substantially in- 



creases the detection rate of segmental and 
subsegmental pulmonary emboli (Fig. 17.3) 
[9]. 

MDCT is especially useful for evaluating 
peripheral arteries that have an anatomic 
course parallel to the scan plane because 
these are the ones that tend to be most af- 
fected by volume averaging when thicker 
sections are used [10]. 

Many studies show that confidence in 
the evaluation of subsegmental arteries 
with thin-section MDCT by far exceeds the 
reproducibility of selective pulmonary an- 
giography [5,11]. 




Fig. 17.2. Axial image of the pulmonary trunc. Note the large bilateral thrombus 



New Clinical Implications 

MDCT presents radiologists and clinicians 
a new challenge: the diagnosis of an iso- 
lated subsegmental embolus. In the past, 
such an isolated clot would often have gone 
unnoticed, especially in patients with no 
or minor symptoms. The improved detec- 
tion of PE nodules has triggered a clinical 
debate about how to care for patients for 
which a diagnosis of isolated peripheral 
embolism has been established. The clini- 
cal importance of small peripheral emboli 
in subsegmental pulmonary arteries in the 
absence of a central embolus is uncertain. 
There is little disagreement about the fact 
that the presence of peripheral emboli may 
be an indicator of concurrent deep venous 
thrombosis (DVT), thus potentially herald- 
ing more severe embolic events [12]. The 
presence of some peripheral emboli may be 
of clinical importance in patients with car- 
diopulmonary restriction and in evaluat- 
ing the development of chronic pulmonary 



hypertension in patients suffering from 
thromboembolic disease [13]. 

The main new clinical aspect is the high 
negative predictive value, which is almost 
98% even when underlying pulmonary dis- 
ease is present. 



Clinical Diagnostic Algorithms 

Current clinical algorithms for the exclu- 
sion of PE mainly rely on negative D-dimer 
tests. The sensitivity and negative predic- 
tive value of currently available test are be- 
tween 90 and 100% and thus appropriately 
rule out the presence of PE. However, be- 
cause of the lack of specificity of positive 
D-dimer tests and the fact that sensitivity 
does not always reach 100%, clinicians re- 
fuse to only rely on D-dimer testing. 

If the presence of DVT can be established 
by ultrasound or fluoroscopy with patients 
suspected of having PE, some centers claim 
that no further workup of pulmonary cir- 
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Fig. 17.3. MIP image of the thorax. The pulmonary embolism is almost completely obstructing the 
arteries of the left lower lobe 



culation is required since the anticoagulant 
treatment regimen is the same for DVT and 
PE. Some centers, however, prefer to visu- 
ally establish the presence of PE and thus 
perform a CT scan. 

If no DVT can be established, CT angi- 
ography of the pulmonary vasculature is 
performed. If the result is positive, the pa- 
tient is treated accordingly. If a good qual- 
ity CT study does not reveal pulmonary 
embolism, the workup can be stopped at 
this point and other causes for the patient's 
symptoms should be considered [14]. 

In Fig. 17.4, a current clinical algorithm 
is described that uses MDCT as first-line 
imaging modality in combination with 
clinical symptoms and D-dimer testing. 

Pulmonary Embolism 
in Pregnant Patients 

Venous thromboembolism is a leading 
cause of maternal mortality and has been 



reported to occur in 0.5-3.0 of 1000 preg- 
nancies. While the risk of thrombosis has 
usually been considered greatest during the 
third trimester and immediately postpar- 
tum, there is evidence that venous throm- 
boembolism may occur with almost equal 
frequency in all trimesters. Established 
guidelines attempt to balance diagnostic 
efficacy and minimization of fetal exposure 
to ionizing radiation. Although ventila- 
tion-perfusion scanning is still considered 
the modality of first choice in pregnant 
women, recent studies were able to show 
that the mean fetal dose delivered with he- 
lical CT for a standard technique (120 kV, 
100 mA, pitch 1) is less than that delivered 
with ventilation-perfusion scanning in all 
three trimesters [15]. 

The dose was less than 0.00006 Gy, well 
below the limit of 0.05 Gy that is considered 
safe for fetal exposure. Thus pregnancy 
should not preclude the use of CT for the 
diagnosis of PE. Also, accurate diagnosis is 
critical because there is substantial risk of 
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Fig. 17.4. Clinical management of patients with suspicion of PE. In lab tests, only D-dimer testing is 
used, CT is the primary imaging modality 



morbidity to both mother and fetus from 
potentially unnecessary treatment. Thus to 
rule out PE is important, especially during 
pregnancy. 

Scanning Technique 

The use of MDCT as a diagnostic instru- 
ment for pulmonary thromboembolism 
may create inconclusive exams if contrast 
in the pulmonary artery is inadequate. The 
new scanner generations enable acquisi- 
tion during the maximal phase of enhance- 
ment. Although this reduces the total dose 
of contrast material necessary, the acquisi- 
tion speed may also result in incorrect CM 
timing. 

Many technical devices have been in- 
troduced to obtain accurate timing of the 
bolus injection. The most commonly em- 
ployed are a test bolus and automated bo- 
lus triggering associated with a mandatory 
saline flush after the bolus injection in or- 
der to reduce streak density artifacts in the 
vena cava and to optimize the use of the 
contrast material. Most injection protocols 
are adapted in order to reach the maximum 
iodine concentration in the shortest time 
possible. This can be obtained using a high- 
er injection rate. However, increase of the 
injection flow rate to above 6 mL/s is not 
practical for peripheral venous injection 
or for most central i.v. lines. Instead, the 



concentration of iodine can be increased 
to values of 350-400 mg I/mL without the 
side effects of a resulting higher viscosity. 
To visualize the entire thorax, 60-80 mL of 
CM are sufficient to obtain well-opacified 
images. To rule out significant thrombosis 
in deep femoral/iliac veins the amount may 
be increased to 100-120 mL CM. The use of 
automated bolus detection currently seems 
to be the most practical approach (ROI in 
pulmonary trunc, level: 100-120 HU). It is 
quick and reliable. 

Since MDCT is able to detect emboli even 
in sixth-order branches, motion artifacts 
due to the patient's respiration or trans- 
mitted cardiac motion may distort image 
quality. The short acquisition time enables 
even dyspnoeic patients to maintain a thor- 
ough breath hold. Retrospective ECG-gated 
acquisition techniques may be applied to 
effectively reduce transmitted pulsation 
artifacts. However no study has yet proven 
its clinical superiority over conventional 
scanning techniques especially when tak- 
ing the considerably higher radiation dose 
into consideration. 
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Indications 

• Acute mediastinitis. 

• Chronic sclerosing mediastinitis. 

• Tumors of the mediastinum: thymic 
lesions (thymic hyperplasia, thymoli- 
poma, thymic cysts, thymoma, thymic 
neuroendocrine neoplasms, thymic car- 
cinoma, thymic lymphoma, Germ cell 
neoplasms (teratoma, seminoma, endo- 
dermal sinus tumor, choriocarcinoma), 
tumors of thyroid and parathyroid tis- 
sue, tumors of adipose tissue (lipoma, 
lipomatosis), tumors of vascular tissue 
(hemangioma, angiosarcoma, heman- 
giopericytoma, lymphangioma). 

• Lymph node enlargement (primary me- 
diastinal lymphoma, angiofollicular 
lymph node hyperplasia). 

• Masses situated in the anterior cardio- 
phrenic angle (pleuropericardial fat, 
mesothelial cysts, hernia through the 
foramen of Morgagni, enlargement of 
diaphragmatic lymph nodes). 

• Dilatation of the main pulmonary ar- 
tery, of the major mediastinal veins, of 
the aorta, or of its branches (including 
aortic tears, dissections). 

• Tumors and tumor-like conditions of 
neural tissue (tumors arising from pe- 
ripheral nerves, from sympathetic gan- 
glia and aorticosympathetic paragan- 
glioma, and from meningocele and me- 
ningomyelocele). 

• Posterior mediastinal cysts (gastroen- 
teric cysts, esophageal cysts, thoracic 
duct cyst). 

• Diseases of the esophagus (neoplasms, 
diverticula, megaesophagus). 

• Tracheoesophageal and bronchoesopha- 
geal fistulae. 



• Mediastinal masses due to transdia- 
phragmatic herniation of abdominal 
contents. 

• Pleural plaque. 

• Diffuse pleural thickening. 

• Pleural tumor. 

• Diaphragmatic injuries. 

Scan Parameters 

See Table 18.1. 

Tips and Tricks 

See text below. 

Introduction 

This chapter will focus on the mediastinum 
and chest wall including thoracic trauma 
and the pleura. 

The mediastinum contains central car- 
diovascular and tracheobronchial struc- 
tures, the esophagus, nerves, and lymph 
nodes. The most common is an anatomic 
scheme in which the mediastinum is di- 
vided into anterior, middle, and posterior 
compartments. Furthermore, this division 
of the mediastinum corresponds to easily 
recognizable regions as seen on the lateral 
chest radiograph. 

The pleura is a serosal membrane that 
envelopes the lung and lines the costal sur- 
face, diaphragm, and mediastinum. It is 
composed of two layers, the visceral and 
the parietal pleura, which join at the hilum. 
The normal costal, diaphragmatic, and me- 
diastinal pleura is not visible on plain film 



Table 18.1. List of parameters for 4-, 16-, and 64-rowCTs for different indication groups 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanning parameters 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.33-0.5 




Tube current time product (mAs) 


120-225 


120-225 


120-225 




Pitch corrected Tube current 
time product (eff. mAs) 


100-150 


100-150 


100-150 




Slice Collimation (mm) 


1/1.25 or 
2.5 for opti- 
mized scan time 


0.625/0.75 
or 1.25/1.5 for 
optimized scan 
time 


""" 




Norm, pitch 


1.2-1.5 


1.2-1.5 


1.2-1.5 




Reconstruction increment (mm) 


5 

For recons 1.0 


5 

For recons 0.6 


For recons 0.5 




Reconstruction thickness (mm) 


5* 

For recons 

1.5-2.5 


5* 

For recons 

0.75-1 


For recons 0.6- 


., 


Convolution kernel 


Standard** 


Standard** 


Standard** 




Contrast material 


Yes 


Yes 


Yes 




Volume (ml_) 


100 


80 


80 




Injection speed (mL/s) 


3 








Saline flush (ml_, mL/s) 


Delay arterial (s) 


30 


40 







For the evaluation of chest wall and pleural diseases, especially for detection of small pleural 
calcifications, thin slices (2-3 mm) are necessary. 

*For the workup of cases in which the combined investigation of lung parenchyma and me- 
diastinal and hilar soft tissue is necessary, the Combi Thorax protocol is ideal. This protocol 
should be used for the combined evaluation of HR lung and soft-tissue mediastinum. It is also 
recommended for delineation of pleural disease, because of the possibility to reconstruct thin 
slice, where pleural abnormalities are found on thicker slices. Demarcation of the esophagus 
can be optimized by giving a barium suspension shortly before starting the scan. 
Scan parameters (Combi Thorax) should include 0.6 mm (64 row) to 2.5 mm (4 row) collima- 
tion, pitch 1.25-1.5, 120 kV, 120 eff. mAs, reconstruction thickness of 1 mm (sharp kernel) and 
5 mm (soft kernel) at an increment of 0.5 mm and 3 mm, respectively. A rotation time of at 
least 0.5 s in the caudocranial scan direction. Contrast material is recommended in a dose of 
80-90 mL and at a flow rate of 3 mL/s. 



or CT. The intercostal stripe, which can be 
detected at HRCT represents a combina- 
tion of the two pleural layers, the endotho- 
racic fascia, and the innermost intercostal 
muscle. To detect real pleural thickening, 
it is recommended to look for soft tissue 



density between the inner rib and the lung 
(Fig. 18.5). 

The symmetry of the chest cage and the 
axillae allow, in most cases, easy detection 
and characterization of abnormalities in 
CT, including pathological enlarged lymph 
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Fig. 18.1. Patient with Cushing syndrome. Ap- 
dominal CT delineated hyperplasia of both adre- 
nal glands {arrow indicates right adrenal gland) 



Fig. 18.2. In chest CT, a soft tissue mass in the 
anterior mediastinum was found {arrow). Histol- 
ogy: thymic carcinoid 



nodes. The first rib can be readily identi- 
fied as it lies adjacent to the medial end of 
the clavicle at the level of the sternoclacicu- 
lar joint. The second, third, and fourth ribs 
can usually be identified at the same level 
by counting posteriorly along the rib cage. 
By proceeding sequentially caudally, each 
next vertebra and corresponding rib can 
be identified. Using coronal or sagittal ref- 
ormations can overcome this problem by 
visualization of the entire spine in one im- 
age. 

The Mediastinum 

The good news is that primary diseases of 
the mediastinum are rare in comparison to 
the other thoracic diseases. The bad news is 
that by using plain film and physical exam- 
inations a lot of mediastinal pathologies are 
not or infrequently detected and thus even 
a suspicion of a mass requires a CT. 

Acute mediastinitis is a severe disease 
resulting from, in the majority of patients, 
esophageal perforation by a primary carci- 
noma, an impacted foreign body, or diag- 
nostic or therapeutic instrumentation. After 
severe vomiting (Boerhaave's syndrome), 
spontaneous perforation can develop. The 
"typical" finding here on plain film is a 



widening of the mediastinum. Air collec- 
tions (pneumomediastinum) can raise the 
suspicion of esophageal perforation. With 
CT the sensitivity to detect free air or the 
primary cause of mediastinitis is much 
higher than with plain film. Intravenous 
contrast is mandatory to visualize abscess 
formation. It can help to detect an esopha- 
geal defect when the patient swallows di- 
luted contrast material directly prior to the 
scan. Chronic sclerosing mediastinitis is a 
rare condition, characterized by chronic 
inflammation and fibrosis of mediastinal 
soft tissue. CT detects a mediastinal or hi- 
lar mass, calcifications in the mass or ad- 
jacent lymph nodes, and tracheobronchial 
tree narrowing. 

Table 18.2 gives an overview of the medi- 
astinal tumors and their typical locations. 

For a short overview, the CT criteria are 
summarized here for the more common of 
the above-mentioned masses. 

• Thymic hyperplasia: enlargement of the 
entire organ with preservation of organ 
contours. 

• Thymolipoma: fat attenuation values, 
very soft tissue, slumps toward dia- 
phragm. 

• Thymic cysts: low-density fluid (0-10 
HU), small wall calcification is possible. 



Table 18.2. Most common mediastinal tumor entities and their typical locations 




Anterior 
mediastinum 



Middle 
mediastinum 




Posterior 
mediastinum 



Thymic lesions (thymic hyperplasia, thymolipoma, thymic cysts, 

thymoma, thymic neuroendocrine neoplasms (Figs. 18.1 and 18.2), 

thymic carcinoma, thymic lymphoma (Fig. 18.3) 

Germ cell neoplasms (teratoma, seminoma, endodermal sinus tumor, 

choriocarcinoma) 

Tumors of thyroid and parathyroid tissue 

Tumors of adipose tissue (lipoma, lipomatosis) 

Tumors of vascular tissue (hemangioma, angiosarcoma, 

hemangiopericytoma, lymphangioma) 

Tumors of muscle 

Fibrous and fibrohistiocytic tumors 

Lymph node enlargement (primary mediastinal lymphoma, 

angiofollicular lymph node hyperplasia) 

Aorticopulmonary paraganglioma 

Masses situated in the anterior cardiophrenic angle (pleuropericardial 

fat, mesothelial cysts, hernia through the foramen of Morgagni, 

enlargement of diaphragmatic lymph nodes) 

Dilatation of the main pulmonary artery 

Dilatation of the major mediastinal veins 

Dilatation of the aorta or its branches 

Tumors and tumor-like conditions of neural tissue (Tumors arising from 

peripheral nerves, from sympathetic ganglia and aorticosympathetic 

paraganglioma, meningocele and meningomyelocele) 






Posterior mediastinal cysts (Gastroenteric cysts, Esophageal cysts 

Thoracic duct cyst) 

Diseases of the esophagus (Neoplasms, Diverticula, Megaesophagus) 

Tracheoesophageal and bronchoesophageal fistulae 

Mediastinal masses due to transdiaphragmatic herniation of abdominal 

contents 

Diseases of thoracic spine (Neoplasms, Infectious spondylitis, 

Fracture with hematoma formation) 

Extramedullary hematopoises 






Thymoma: homogenous soft tissue with 
smooth borders and homogenous en- 
hancement, sometimes calcifications. 
Thymic neuroendocrine neoplasms: 
homogeneous, lobulated, rare calcifica- 
tions. 

Thymic carcinoma: heterogeneous at- 
tenuation, irregular interface with lung, 
metastases. Sometimes CT fails in pre- 
dicting malignancy, if no direct signs 
(invasion, metastases) are visible. 
Teratoma: uni- or multicystic, fat and 
calcifications. Cave: If larger and signs 



of invasion are visible: malignant trans- 
formation. 

Seminoma: lobulated noncalcified mass, 
undistinguishable from other malignant 
germ cell tumors. 

Lipomatosis: smooth and symmetric 
mediastinal widening with fat attenua- 
tion values. 

Lymphangioma: the cystic variation 
in children (cystic hygroma) and the 
well-defined variety of adults with low 
attenuation values, tumor molds to the 
mediastinal contours. 
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Fig. 18.3. M-Hodgkin. Large mass in the ante- 
rior mediastinum 



Fig. 18.4. HRCT. Malignant pleural mesothe- 
lioma at the left side {long arrows) and calcified 
pleural plaque at the right lateral pleural {short 
arrows) 



Pleural Disease: Effusion and More 



• Lymphoma: asymmetric lymph node en- 
largement, but not unilateral. Calcifica- 
tions after radiation and occasionally af- 
ter chemotherapy. Hodgkin's lymphoma 
can also present as an anterior mediasti- 
nal mass usually caused by primary in- 
volvement of the thymus rather than by 
enlarged lymph nodes. Non-Hodgkin's 
lymphomas are seen with extranodal 
spread more often. 

• Schwannoma: round or oval paraver- 
tebral mass with mixed attenuation, 
dumbbell configuration, when originat- 
ing in a nerve root. 

• Ganglioneuroma: homogeneous lesion 
in the paravertebral zone with an elon- 
gated, flattened configuration with a 
broad base toward the mediastinum. 

• Paraganglioma: indistinguishable from 
the other neurogenic neoplasms. 

• Gastroenteric cyst (neurenteric cyst): 
homogeneous (fluid content), sharply 
defined mass in the paravertebral loca- 
tion. Contains gas, if a communication 
with the esophagus exists. 

Look carefully for signs of local invasion 
and metastatic spread. Homogeneous soft 
tissue attenuation and depiction of calci- 
fication are not pathognomonic for benig- 
nity. 



With CT, four types of pleural disease can 
be differentiated: pleural plaques, diffuse 
pleural thickening, pleural tumors and 
pleural effusions. From the etiologic, diag- 
nostic, therapeutic, and prognostic points 
of view it is necessary to differentiate these 
entities. 

A pleural plaque is a marker of asbestos 
exposure (Fig. 18.4). It represents a deposi- 
tion of hyalinized collagen fibers in the pa- 
rietal pleura, most commonly found along 
the sixth through ninth ribs and along 
the diaphragm. With CT it can be clearly 
separated from the extrapleural fat and 
the endothoracic fascia. Calcifications are 
identified by chest X-ray in 20% of the de- 
tected pleural plaques, on CT scanning in 
50%, and at autoptic examination in 80%. 
Sometimes these plaques can look like 
"tabloids" or have a nodular configuration 
with impingement of the adjacent lung pa- 
renchyma. 

Diffuse pleural thickening on the other 
hand is a nonspecific response of the pleura 
to a number of agents, not a specific marker 
of asbestos exposure (Fig. 18.5). Inflam- 
mation, trauma, neoplasia, embolism, and 
radiation can each result in diffuse pleural 
thickening. There is an involvement of the 
parietal and visceral pleura. After initial 
obliteration of the costophrenic sulci devel- 




Fig. 18.5. Diffuse pleural thickening {arrows) 




Fig. 18.6. Etiology of the right side pleural ef- 
fusion? Note the ventro-lateral pleural plaque 
(courtesy of S. Tuengerthal, Heidelberg) 



opment of pleural retraction and cicatrisa- 
tion is possible, sometimes encircling the 
lung surface and involving the mediasti- 
nal pleura. CT criteria include an extent of 
more than 8 cm in the craniocaudal direc- 
tion, 5 cm in cross section, and a thickness 
of more than 3 mm. 

A pleural tumor is defined as a pleural 
nodule more than 30 mm in diameter. The 
majority of pleural tumors are malignant 
and most are metastatic diseases (primary 
pleural membrane tumors, pleural inva- 
sion by primary bronchogenic carcinoma, 
subpleural tumors like lymphoma, hema- 
togenous dissemination to the pleura and 
direct pleural seeding). 

CT findings indicating malignant pleu- 
ral disease instead of benign disease include 
mediastinal pleural involvement, pleural 
nodularity, and pleural thickening of more 
than 1 cm each. They have a high specific- 
ity; with the exception of pleural thicken- 
ing more than 1-cm. Detection of subpleu- 
ral soft tissue hypertrophy in fat tissue is 
an important CT finding for benign disease 
and is present in half of the benign cases. 
Signs of invasion of mediastinal or osseous 
structures, transdiaphragmatic growth, 
and metastases to lymph nodes and distant 
organs by pleural disease are clear findings 
of malignant disease. 

A drawback of CT is the sensitivity and 
specificity of a correct lymph node staging. 



Although distant metastases are uncom- 
mon, intrathoracic disease, particularly to 
regional lymph nodes, is reported in 34 to 
50% of patients. Therefore biopsy is recom- 
mended for a definite diagnosis. 

Pleural effusion is one of the most com- 
mon pleural abnormalities, and can occur 
without other pathologies in the thorax. 
But because an effusion is not a physiologic 
variant, the underlying cause must always 
be evaluated. Specific causes are infection 
(bacteria, fungi, viruses and parasites), 
connective tissue diseases (systemic lupus 
erythematosus, rheumatoid disease), as- 
bestosis (Fig. 18.6), drugs, neoplasms (lung 
cancer, lymphoma, leukemia, multiple my- 
eloma, metastases), thromboembolism, car- 
diac decompensation, and trauma. A vari- 
ety of intraabdominal and pelvic disorders 
are also associated with pleural effusion 
(such as pancreatitis, sequela of abdominal 
surgery, subphrenic abscess, Meigs-Salm- 
on syndrome, dialysis, hydronephrosis and 
urinothorax, nephritic syndrome, cirrhosis, 
acute glomerulonephritis and uremic pleu- 
ritis). CT can be very helpful in diagnosing 
the etiology of pleural fluid. But how safe is 
CT to distinguish between transudate and 
exudate? A study form Arenas-Jimenez et 
al. showed that the delineation of pleural 
nodules, nodular pleural thickening, and 
extrapleural fat of increased density only 
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appeared in exudates. Differentiation be- 
tween empyemas and parapneumonic effu- 
sions cannot be established on the basis of 
CT findings, but localization, thickening of 
any pleural surface, and increased density 
of extrapleural fat are more frequently en- 
countered in empyemas. 

Thoracic Trauma: 
One-Stop Shopping? 

Some years ago, severely ill trauma patients 
received plain film investigations of the 
skeleton, the chest, and abdomen. In corre- 
lation with ultrasound findings and physi- 
cal examination, a CT was performed. Mul- 
tislice CT has now dramatically changed the 
approach to the severely injured individual. 
CT has a higher sensitivity and specificity 
for detection and characterization of tho- 
racic injuries, especially those of the heart, 
pericardium and the great vessels, the 
lungs, mediastinum and diaphragm, the 
thoracic spine, sternum, and ribs. Whole- 
body scanning in 1 min has become reality, 
and using a 16-row scanner, the thorax can 
be acquired in about 10 s. After the patient 
leaves the CT room, reconstructions in the 
lung, soft, and bone tissue kernel can be per- 
formed, adapting to the different regions of 
interest. Even more complex reformations 
(MPR, volumetric methods) can be calcu- 
lated in retrospect, and the patient avoids 
delay in treatment of other injuries. It is im- 
portant to implement a generally accepted 
algorithm for the optimal use of MDCT in 
the emergency situation in the near future. 
Despite unknown renal status (elevation of 
creatinine, perhaps), intravenous contrast 
is recommended in nearly every case. 

Pneumothorax and pneumomediasti- 
num are serious conditions, because under 
assisting ventilation even a small pneu- 
mothorax may rapidly progress to a ten- 
sion-type pneumothorax and subsequent 
cardiovascular compromise. The plain film 
often fails in delineating these lesions at 
early stages. As a consequence, after any 
significant chest trauma, CT with intrave- 
nous contrast is highly recommended. Typ- 
ical lung injuries are contusion, laceration, 



and tears or ruptures of the bronchi and 
trachea. Again, multiplanar reformations 
can help to localize the lesions. Especially 
because most of the trachea tears are hori- 
zontally orientated, they may be missed in 
axial scans, but can be found in sagittal 
or coronal reformations when previously 
scanning with a thin collimation (4x1 mm, 
16x0.75 mm, and 64x0.6 mm). 

The sensitivity of detecting diaphrag- 
matic injuries with plain film is low (46%). 
With MDCT the sensitivity can be elevated 
up to 71%. Again the sagittal and coronal 
reformation can make the diagnosis easier, 
because defects of the diaphragm and her- 
niations can be appreciated in one slice. 

High acceleration/deceleration traumas 
play an increasing role in the emergency 
room. Motor vehicle accidents lead to many 
more vascular and cardiac injuries com- 
pared to 20 years ago. With plain films, the 
diagnosis of aortic tears can be made in- 
directly, by widening of the mediastinum, 
unsharpness of the aortic knob, and the 
delineation of pleural effusion. CT is the 
gold standard in the emergency situation 
for evaluation of the heart and the great 
vessels, because the direct signs of aortic 
injury are both more accurate than indirect 
signs and show higher interobserver agree- 
ment. Dissections can be found without 
performing a more invasive angiography or 
transesophageal endoscopy. In this sense, 
plain films have no value for diagnosis. 

In the hospital of the author, whole-body 
CT is beginning to replace plain films of 
the chest and spine in critically ill trauma 
victims. MDCT allows for thinner collima- 
tion without sacrificing speed, and the high 
spatial resolution is the basis for superb 2D 
and 3D reformations that give helpful ad- 
ditional information to the referring physi- 
cian. 



The Chest Wall 

Abnormalities of the ribs can be divided 
into a congenital and an acquired group. 
Congenital anomalies are rib fusions and 
various types of bifid ribs, which are gener- 
ally asymptomatic. Additional cervical ribs 



may result in clinical symptoms, when they 
compress subclavian vessels or the brachial 
plexus. Erosion and inferior notching of 
ribs can have a lot of causes, like aortic ob- 
struction, superior vena cava obstruction, 
arteriovenous fistula, intercostals neurino- 
ma or hyperparathyroidism. These osseous 
finding are easily detectable on plain films. 
CT is useful to visualize the cause of the ac- 
quired rib alterations in addition to other 
findings (history of the patient, laboratory 
findings, ultrasound, etc.). 

Indications for CT are neoplasms and 
nonneoplastic tumors of the chest wall and 
trauma conditions. In general, benign and 
malignant primary neoplasms that origi- 
nate in the chest wall are uncommon. In 
adults, the most common benign tumor of 
the chest wall is lipoma; the most common 
malignant neoplasms are fibrosarcoma and 
malignant fibrohistiocytoma. In children, 
the most frequent malignant tumors are 
primitive neuroectodermal tumor, rhab- 
domyosarcoma, and extraosseous Ewing's 
sarcoma. When looking at the bony struc- 
tures, most of the neoplasms of the thoracic 
skeleton occur in the ribs and are metasta- 
ses. The most common primary malignant 
tumor of the thoracic skeleton is chondro- 
sarcoma. Osteogenic sarcoma, malignant 
fibrohistiocytoma, hemangiopericytoma, 
and fibrosarcoma are less frequent. The 
most common benign type is osteochon- 
droma, followed by enchondroma and bone 
islands. Myeloma is the most frequent ma- 
lignant neoplasms of reticuloendothelial 



origin. CT and especially the multiplanar 
reformations can assist in delineating the 
pathological process and its anatomic rela- 
tionships, but in most of the cases a patho- 
logic correlation is necessary. 
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Indications 

• Assessment of aortic diameter in pa- 
tients with suspected aortic dilatation. 

• Preoperative planning scan. 

• Suspected aortic dissection and/or fol- 
low-up. 

• Suspected aortic rupture. 

• Follow-up after aortic valve replacement 
with or without conduit implantation. 

• Follow-up after ascending aorta replace- 
ment. 



Patient Preparation 

• 20 or 18 G i.v. access antecubitally, su- 
pine position. 

• Topogram/scan range: entire chest/dia- 
phragm to mid-supraaortic branches 
(Fig. 19.1). 

• Placement of ecg-leads (if gated scan is 
necessary). 

• If the coronary arteries are of interest 
(e.g, before ascending aorta replace- 
ment), a beta-blocker regimen analo- 
gous to the coronaries is recommended 
(see Chap. 21). 

Scan Parameters 

See Table 19.1. 




Tips and Tricks 



Fig. 19.1. Topogram. Arms above the head. The 
ecg-gated scan range should encompass the 
suspected anatomical site of a given suspected 
pathology (e.g., aortic aneurysm). If possible, 
scan the entire chest with the diaphragm as low- 
er limit and the supraaortic branches as upper 
limit. If a second nongated thorax spiral scan is 
required, it should be executed in the opposite 
scan direction (flying-thorax) with no additional 
contrast applied 



• If a gated spiral is followed by an ungat- 
ed spiral scan, the first scan should be 
executed craniocaudally and the second 
caudocranially to avoid any delay be- 
tween scans. By doing so, no additional 
CM is needed for the second spiral ("fly- 
ing thorax"). 

Anatomical 

and Technical Considerations 



Make sure i.v. access is fully patent. 
For good vessel opacification use con- 
trast media containing >350 mg iodine/ 
mL). 



Since helical single slice CT scanners became 
available, the assessment of the aortic arch 
using computed tomography has been es- 
tablished as the modality of choice for most 



Table 19.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Tube current time product (mAs) 


110 


160 


170 




Pitch corrected tube current time 
product (eff. mAs) 


300 








Collimation (mm) 


2.5 


0.75 


0.6 




Norm, pitch 


0.375 


0.25 


0.2 




Reconstr.-slice thickness (mm) 


3.0 


1.0 


0.6 




convolution kernel 


standard 


standard 


standard 




Specials 


Retrospective 
ECG-gating 


Retrospective 
ECG-gating 


Retrospective 
ECG-gating 




ECG-pulsingfor 
HR<60 


ECG-pulsingfor 
HR<70 


ECG-pulsingfor 
HR<80 


Scan range 


Base of heart to 
beginning of 
aortic arch 


Base of heart to 
beginning of 
aortic arch 


Base of heart to 
beginning of 
aortic arch 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 




Contrast media application 


Concentration (mg iodine/mL) 


350-400 


350-400 


350-400 




Mono/Biphasic 


Biphasic 


Biphasic 


Monophasic 




Volume (ml_) 


150 


120 


100 




Injection rate (mL/s) 


4.0, 2.5 


4.0, 2.5 


5.0 




Saline chaser (mL, mL/s) 


30, 2.5 


30, 2.5 


60, 5.0 




Delay (s) 


Test bolus 


Test bolus 


Test bolus or 
bolus tracking 





pathologies [1]. With the introduction of 
multislice systems the scanning techniques 
were gradually refined [2-5], but still there 
are pitfalls to be taken into account when 
interpreting CT scans [6]. From a CT imag- 
ing perspective, the thoracic aortic arch can 
be divided into segments considerably af- 
fected by cardiac motion such as the proxi- 
mal ascending aorta. All other segments 
such as the large supraaortic branches, the 
brachiocephalic trunk, the left common ca- 
rotid artery and the left subclavian artery 
as well as the small intercostal and spinal 
branches are commonly not affected by car- 
diac motion [7] . All cardiac-motion affected 



segments can be scanned using ecg-gated 
techniques [7,8]; all other structures can be 
scanned using conventional nongated CT 
protocols. However, ecg-gated protocols use 
a considerably higher dose level (9-10 mSv 
vs. 3-4 mSv) than nongated protocols, thus 
choosing the appropriate scan protocol de- 
pends not only on the anatomic structure in 
questions, but the effective dose needed for 
a particular scan protocol should be taken 
into account [8]. 

With the introduction of scanners ac- 
quiring up to 64 slices per rotation, the 
entire chest may be scanned using ecg- 
gated techniques (Fig. 19.2). For all previ- 
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Fig. 19.2. 3D volume-rendered image of a 
64-slice scan. Large ascending aorta aneurysm 
displayed with excellent image quality with no 
motion artifacts present 




Fig. 19.3. Axial image of a ruptured descend- 
ing aorta: 22-year-old patient with progressive 
dysphagia and progressive dyspnea. Initial diag- 
nosis made with a nongated helical single-slice 
scanner was aortic aneurysm of the descending 
aorta. Note the site of rupture as well as the large 
pseudo-aneurysm. The trachea, as well as the 
esophagus, are severely compressed account- 
ing for the patient's symptoms 



ous scanner generations up to 16 slices, 
the scan range is limited, so that the entire 
chest may not be covered within a reason- 
able breath hold time and only regions with 
suspected motion artifacts may be scanned 
using ecg-gating. Regardless of scanner 
types, if a particular pathology is known, 
the scan range should be set accordingly. 
If a pathology is suspected, but the exact 
location is unknown (e.g., aortic dissec- 
tion), the entire ascending aorta should be 
taken into the ecg-gated scan range. Since 
a complete scan of the entire chest is most 
often required to answer all medical ques- 
tions, a second scan of the chest using a 
nongated protocol should be performed. If 
both scans have opposite scan directions, 
no additional contrast media is required for 
the second spiral since adequate opacifica- 
tion still remains from the first scan (flying 
thorax technique: first scan craniocaudal, 
second scan caudocranial or vice versa). 



Image Reconstruction 

For ecg-gated image reconstruction, stan- 
dard built-in preset reconstruction algo- 
rithms used for cardiac imaging and provid- 
ed by each manufacturer can be also used for 



aortic imaging. Generally, the reconstruction 
window is set to start at 60% RR-interval. If 
significant motion artifacts, an additional 
test-series reconstructing single slices in 5% 
steps at a given z-position is recommended, 
ranging from to 95% relative to the RR-in- 
terval. The time point with the least motion 
artifacts is then chosen to reconstruct the 
entire stack of images of the MDCTA scan. 
Typically, a slice thickness of image thick- 
ness 0.6-1 mm with a reconstruction incre- 
ment of 0.4-0.8 mm and a medium smooth 
reconstruction kernel is used. The second 
flying thorax can be reconstructed using 1- 
mm slices with an increment of 0.8 mm; the 
kernel can be medium smooth. 



Visualization Techniques 

For the assessment of the aortic arch, axial 
image interpretation is still the most com- 
monly used and most efficient way of quick- 
ly assessing the aorta (see Fig. 19.3). Maxi- 
mum intensity projections (MIPs) or dou- 
ble oblique multiplanar reformats (MPR) 
in parallel alignment to the aortic arch are 
also a very convenient and efficient way to 
visualize and diagnose the entire aorta (see 




Fig. 19.4. Curved MIP of the same patient as 
in Fig. 19.2. In one single image, all relevant 
anatomical information for a potential surgical 
intervention is provided: maximum diameter, 
distance from the sternum, absent affection of 
the supracoronary branches, and diameter of 
the aorta on the level of the aortic bulb 




Fig. 19.4). Curved MIP projections, project- 
ing the vessel in a single plane are helpful 
for the assessment of any vascular diam- 
eters. VRT images may be helpful for the 
purpose of better anatomic orientation (see 
Figs. 19.2 and 19.5), but should not be used 
for detailed diagnosing. 
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Fig. 19.5. 3D VRT image of the same aorta as in 
Fig. 19.3. The site of rupture is proximal to an un- 
known congenital aortic coarctation. This image 
is an excellent anatomical overview to demon- 
strate the anatomical relationship between the 
pseudo-aneurysm and the coarctation 
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Indications 

• Suspected coronary artery disease. 

• Differential diagnosis of symptomatic 
patients with atypical chest pain. 

• Risk stratification in asymptomatic in- 
dividuals with an intermediate to high 
risk for a future myocardial event. 

• Follow-up of patients with coronary 
atherosclerosis and lipid lowering ther- 
apy. 



Patient Preparation 

No special preparation. 

Patient Positioning 

Supine, arms elevated, ECG leads attached, 
table height should position the heart in the 
isocenter of the gantry. 

Scan Range 

One centimeter below the tracheal bifurca- 
tion to diaphragm. Scan range must include 
the entire cardiac volume (Fig. 20.1). 

Scan Parameters 

See Tables 20.1 and 20.2. 




Fig. 20.1. Scan range for calcium scanning. The 
scan volume should include the entire heart 
from the mid level of the pulmonary artery (ap- 
prox. 1 cm below the tracheal bifurcation) down 
to the diaphragm 



Tips and Tricks 

Motion-free images are crucial for exact 
and reproducible scoring results. 

• In sequential scanning, usually a scan 
start at 60% of the RR interval works 
best. The scan window can be tested by 
using a single section test scan at the 
mid level of the right coronary artery. If 
the right coronary artery does not show 
motion artifacts, other vessels will also 
usually be motion free. 

• In spiral scanning, the image recon- 
struction window should be set to 60% 
of the RR interval. If motion artifacts are 
present, a different reconstruction win- 
dow can be selected to minimize motion 
artifacts. 



Table 20.1. Calcium quantification, sequential scan technique 






Parameters 

Tube voltage (kV) 

Tube current (mAs) 

Collimation (mm 

Table feed (mm 

Rotation time (ms) 

Reconstr.-slice thickness (mm) 

Reconstruction increment (mm) 

convolution kernel 

Specials 

Scan range 

Scan direction 

Field of view (cm) 

Contrast media application 





ECG triggering, 60% RR interv 

Carina-diaphragm 

Craniocaudal 

22 

NA 




Table 20.2. Calcium quantification, spiral scan technique 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Tube voltage (kV) 


120 


120 


120 


Tube current time product (mAs) 


40 


30 


20 


Pitch corrected tube current time 
product (eff. mAs) 


100 






Collimation (mm) 


2.5 






Normalized pitch 


0.365 


0.283 


0.20 


Table feed (mm) 


3.7 


6.8 


4.8 


Rotation time (ms) 


500 


420-330 


330 


Reconstr.-slice thickness (mm) 


^M 






Reconstruction increment (mm) 


1.5 


1.5 




convolution kernel 


standard 


standard 


standard 


Specials 


ECG gating, 60% RR interval 




Scan range 


Carina-diaphragm 






Scan direction 


Craniocaudal 






Field of view (cm) 


22 






Contrast media application 


NA 
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In patients with a high heart rate a sys- 
tolic reconstruction window (25-30% 
RR) may yield better results. 
Oral premedication with a beta blocker 
may be considered in patients with a 
heart rate above 70 beats/min when 
using a scanner with rotation times 
>370 ms. 

Overlapping image reconstruction im- 
proves the measurement reproducibility 
and increases sensitivity for small calci- 
fications. 

Lung windows should be inspected 
when reading the study, since patients at 
risk for coronary heart disease have an 
increased risk for bronchogenic carci- 
noma. 



Anatomy 

The right coronary artery (RCA) arises 
from the sinus of Valsalva and follows the 
right atrioventricular groove to the inferior 
surface of the heart. At the cardiac crux 
it bifurcates into the posterior descend- 
ing and posterolateral branches. The left 
coronary artery arises approximately 1 cm 
above the level of the RCA and divides into 
the left anterior descending (LAD) branch 
and left circumflex (LCx) branch. The LAD 
follows the anterior interventricular groove 
to the cardiac apex while the LCx lies in the 
left atrioventricular groove. 

Medical Indications 

Symptomatic Patients Suspected 
of Having Coronary Heart Disease 

A negative coronary calcium scan almost 
rules out obstructive coronary artery dis- 
ease in symptomatic patients. A negative 
predictive value of 98% has been reported in 
patients with acute chest pain and nonspe- 
cific ECG [1]. In patients with an equivocal 
stress test, identification of coronary artery 
calcification may be helpful, since coro- 
nary artery calcification correlates with the 
presence of a significant stenosis. Coronary 
calcifications are found in individuals with 



obstructive coronary heart disease with 
a sensitivity ranging from 90-100% and a 
specificity of 45-76%. 



Asymptomatic Individuals 
with Increased Coronary Risk 

Since coronary artery calcification is a sur- 
rogate marker for coronary atherosclerotic 
plaque, it is diagnostic of coronary athero- 
sclerosis. The amount of coronary calcium 
correlates with the total coronary plaque 
burden and can be seen as a measure of 
life-long risk-factor exposure of the arterial 
wall and an individual's response to such 
risk-factor exposure. Coronary artery cal- 
cification may be present long before clini- 
cal manifestation of coronary heart disease 
(CHD) and may therefore help to identify 
patients at risk for a future myocardial 
event, who could potentially benefit from 
early preventive efforts. 



Patients with Coronary Atherosclerosis 
and Lipid Lowering Therapy 

Recent studies have shown the ability of 
calcium quantification to monitor the pro- 
gression of coronary calcification and to 
document the effect of risk factor modifica- 
tion and medical treatment. In 66 patients 
with coronary calcifications, the observed 
increase in coronary calcium volume score 
was 25% without treatment and decreased 
to 8.8% with statin treatment [2]. Progres- 
sion of coronary calcification despite lipid- 
lowering therapy seems to be associated 
with a significantly increased myocardial 
risk. 



Incidence, Risk Factors 

Coronary heart disease remains the major 
cause of mortality and morbidity in the 
industrialized nations and accounts for 
54% of all cardiovascular deaths and 22% 
of all deaths in the United States [3]. Sud- 
den coronary death or nonfatal myocar- 
dial infarction is the first manifestation of 



disease in up to 50% of CHD victims. CHD 
typically manifests in middle-age or older 
and predominantly in male individuals. 
Well-recognized risk factors are tobacco 
smoking, high LDL cholesterol levels, low 
HDL cholesterol levels, diabetes mellitus, 
arterial hypertension, and a family history 
of premature myocardial infarction. Al- 
gorithms or scoring systems derived from 
large prospective epidemiological studies 
like the Framingham Study in the United 
States and the Prospective Cardiovascular 
Munster (PROCAM) Study in Europe can 
be used to calculate a person's global risk of 
CHD. A calculated risk greater than 20% in 
10 years is considered as high and interna- 
tional expert guidelines recommend initi- 
ating treatment of hypertension and hyper- 
cholesterolemia in these individuals. Since 
one third of all coronary events occur in 
persons with an intermediate risk category 
(10-year risk 10-20%), there is also consid- 
erable need to improve the sensitivity and 
specificity of coronary risk prediction in 
this group [4,5]. 



Since a high calcium score indicates a sig- 
nificant plaque burden, absolute values will 
provide a certain orientation, when assess- 
ing a calcium scan. The prevalence of coro- 
nary artery calcification increases with age 
and shows significant differences between 
men and women. Therefore, interpretation 
of calcium scores should also consider the 
expected normal range. A score above the 
75th percentile for age and gender repre- 
sents a significantly increased risk for fu- 
ture myocardial infarction. 

The calcium score or calcium mass seems 
to be an independent predictor of myocar- 
dial events and can provide additional in- 
formation to that obtained by clinical risk 
assessment. Calcium score results can be 
used to test whether and to what extent 
risk factor exposure has led to expression 
of coronary atherosclerotic lesions. This in- 
formation may put an individual in a lower 
or higher clinical risk group [8]. 

CT Characteristics 



Staging 

Calcifications of the coronary arteries are 
quantified using either the traditional 
calcium score (Agatston score), a volume 
score, or calibrated calcium mass. A thresh- 
old of 130 Hounsfield units (HU) is set to 
identify calcifications. The Agatston score 
has an inferior reproducibility compared 
to volume or mass scores and its use with 
MSCT has been criticized, since it had been 
designed for a special scan protocol and 
modality (electron beam CT, EBCT). Cal- 
cium mass quantification is independent 
of scanner hardware and image acquisition 
parameters when using appropriate scan- 
ner calibration as is recommended [6,7]. 

The report should include the number 
of calcified vessels, Agatston score, calcium 
volume score, and calibrated calcium mass. 
Empirical guidelines for clinical interpre- 
tation of calcium scores based on EBCT 
results have been suggested (Table 20.3). 



Calcifications are easily recognized in CT 
due to the high attenuation differences with 
the surrounding epimyocardial fat. Ostial 
lesions at the aorta are not included in the 
calcium measurement. Calcifications of the 
mitral valve annulus can be confused with 
calcifications of the LCx. These calcifica- 
tions are surrounded by myocardium. 

Differential Indication 

CT is the only modality to reliably quan- 
tify coronary artery calcifications. It has a 
much higher sensitivity than fluoroscopy. 
Electron beam CT was used for calcium 
quantification prior to the introduction of 
MSCT. Initial experience shows good corre- 
lation of EBCT measurement and prospec- 
tively triggered MDCT [9,10]. EBCT is not 
widely available, has a slightly better tem- 
poral resolution than current generation 
MSCT systems, but suffers from dose limi- 
tations leading to increased image noise. 
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Table 20.3. Guidelines for coronary calcium score interpretation (adapted from Rumberger JA et 
al. [11]) 



Agatston 


Atherosclerotic 


Probability of 


Implications for 


Recommenda- 


score 


plaque burden 


significant CAD 


cardiovascular 
risk 


tions 




No plaque 


Very unlikely, <5% 


Very low 


Reassure pa- 
tient. Discuss 
general guide- 
lines for primary 
prevention of 
CV diseases. 




Minimal 


Very unlikely, <10% 


Low 


Discuss general 
guidelines for 
primary preven- 
tion of CV 
diseases. 


11-100 


Mild 


Mild or minimal 
coronary stenoses 
likely 


Moderate 


Counsel about 
risk factor modi- 
fication, strict 
adherence with 
primary preven- 
tion goals. Daily 
ASA. 


101-400 


Moderate 


Nonobstructive 
CAD highly likely, 
obstructive disease 
possible 


Moderately high 


Institute risk fac- 
tor modification 
and secondary 
prevention 
goals. Consider 
exercise testing. 
Daily ASA. 


>400 


Extensive 


High likelihood 


High 


Institute very 
aggressive risk 






(>90%)ofatleast 








one significant 




factor modi- 






coronary stenosis 




fication. Con- 
sider exercise or 
pharmacologic 
nuclear stress 
testing. Daily 
ASA. 
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Indications 

As coronary CTA is a new modality, no 
definitive clinically proven indication ex- 
ists at present. It is only agreed that for the 
assessment of suspected coronary artery 
anomaly, coronary CTA is the modality 
of choice [1]. There is also rising evidence 
that the method has a high negative predic- 
tive value and is able to rule out significant 
coronary artery stenosis [2,3]. For all other 
possible uses of coronary CTA, including 
plaque assessment and follow-up, no hard 
indication currently exists. 

1. Assessment of suspected coronary ar- 
tery anomaly. 

2. To rule out significant coronary artery 
stenosis in patients with low to medium 
risk for coronary artery disease with 
atypical symptoms and/or nondetermi- 
native stress-ecg, echocardiography, or 
myocardial szintigraphy. 

3. Follow-up after coronary intervention to 
rule out restenosis. 

4. Follow-up patients with hemodynami- 
cally nonsignificant atherosclerotic wall 
changes and plaque to determine pro- 
gression or regression of plaque burden 
with or without medical therapy. 

5. Assessments of left ventricular and left 
atrial thrombi, if other modalities (echo 
or MRI) are not available or yield no def- 
inite diagnosis. 

Contraindications 



1. Patients with known severe coronary 
calcifications. 



Patients with known diffuse multivessel 
disease. 



Patient Preparation 

• p -blockage prior to the scan is strongly 
recommended if clinically possible. Tar- 
get heart rate 50-60 bpm; method: 50- 
100 mg metoprololtartrate 30-60 min 
prior to the scan. Use 100 mg when pos- 
sible, reduce to 50 mg when the patient 
already receives a concomitant p -blocker 
and has a heart rate that is not <65 bpm, 
for small patients, and in general for pa- 
tients with heart rates of 60-65 bpm. No 
p -blocker should be given when general 
contraindication for p -blocker is present 
or for heart rates <55 bpm. 

• 20 or 18 G i.v. access antecubitally, su- 
pine position. 

• Topogram/scan range: entire chest/base 
of heart to carina (Fig. 21.1). 

• Placement of ecg-leads. 

• Immediately prior to the scan applica- 
tion of 0.8 mg nitroglycerin orally, or al- 
ternatively 2.5 mg of isosorbide dinitrate 
(coronary dilatiation). 



Scan Parameters 

See Table 21.1. 

Tips and Tricks 

1. Make sure i.v. access is fully patent. 

2. Attach ecg-leads after patient has lifted 
his/her arms above the head to avoid 




Fig. 21.1. Topogram. Arms above the head. The calcium scoring scan prior to the scan can be used 
as an additional localizer for the contrast-enhanced spiral, which is usually smaller than the nonen- 
hanced scan. The carina is the upper border, while the base of the heart is the lower border 



dislocation and use the "rules" of each 
manufacturer for positioning (not a 
"normal" diagnostic ecg). 
3. Have the patient start to hold their 
breath about 5 s prior to the scan (Val- 
salva maneuver will lead to a decrease of 
the heart rate). 



Rationale for Scanning 

Coronary artery disease (CAD) consti- 
tutes a major clinically relevant disease in 
the western industrialized world causing 
600,000 deaths annually [4]. The current 
gold standard to assess the morphological 
severity of CAD is conventional invasive 
coronary angiography. In 1999, more than 
1.83 million conventional angiographic 



examinations were performed in the US, 
of which two thirds were of diagnostic 
nature only, with no associated interven- 
tion [5]. In Europe, similar numbers are 
available. In Germany alone, the total 
number of coronary catheter angiography 
(CCA) rose by 45% from 409,000 in 1995 
to more than 594,000 annual procedures 
in the year 2000 [6]. The fraction of in- 
terventional procedures are constantly 
low at about 30%, which is comparable 
to US statistics (AHA). Although coro- 
nary angiography has become a safe pro- 
cedure with only a small associated risk, 
the inconvenience for the patient, as well 
as the economic burden, have fuelled the 
quest to find an alternative, noninvasive 
method to visualize and assess coronary 
plaque burden. 
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Table 21.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.375-0.5 


0.33-0.4 


Tube current time product (mAs) 


150 


140-160 


150-180 


Pitch corrected tube current time 
product (eff. mAs) 


400 


550-650 


750-900 


Collimation (mm) 


1.00/1.25 


0.625/0.75 


0.6/0.625 


Norm, pitch 


0.375* 


0.25* 


0.2* 


Recon. increment 


^H 




0.4-0.6 


Reconstr.-slice thickness (mm) 


1.25 


1.0 


0.6-0.75 


convolution kernel 


standard/high res 


standard/high res 


standard/high res 


Specials 


Retrospective 
ECG-gating 

ECG-pulsingfor 
HR<60 


Retrospective 
ECG-gating 

ECG-pulsingfor 
HR<70 


Retrospective 
ECG-gating 

ECG-pulsingfor 
HR<80 


Scan range 


Base of heart to 
carina 


Base of heart to 
carina 


Base of heart to 
Carina 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast media application 








Concentration (mg iodine/mL) 


350-400 


350-400 


350-400 


Mono/Biphasic 


Biphasic 


Biphasic 


Monophasic 


Volume (ml_) 


120-150 


80-100 


60-80 


Injection rate (mL/s) 


4.0, 2.5 


4.0, 2.5 


5.0 


Saline chaser (mL, mL/s) 


30, 2.5 


30, 2.5 


60, 5.0 


Delay (s) 


Test bolus 


Test bolus 


Test bolus or 
bolus tracking 



Anatomy 

When assessing the heart the following 
structures should be viewed for diagnosis 
(Fig. 21.2): 

• Right coronary artery (RCA), having 
four segments: proximal (1), middle 
(2), distal (3), and posterior descending 
branch (4). 

• Left main coronary artery (5) . 

• Left anterior descending artery (LAD) 
subdivided into five segments: proximal 



(6), middle (7), distal (8), first diagonal 
(9), and second diagonal branch (10) 
Circumflex artery (RCX) having three 
segments: proximal (11), distal (12), and 
first marginal branch (13). 
All cardiac chambers. 
Mitral and aortic valve. 



Scanning 

After preparing the patient (see above) a cal- 
cium scan is routinely performed before the 



RCA 



LCA 



Aorta 




Aorta 



RCX 



LAD 




RPD 



12 ^^Rdp 

AHA Coronary segments modified 

Fig. 21 .2. Schematic coronary tree, modified from the AHA classification, with a total of 13 coronary 
segments used at our institution to report coronary lesions. Since the distal RCX has a considerable 
interindividual variance, all branches distal to the first marginal branch are distal segments 




Fig. 21.3. 3D volume-rendered image. Can be 
used for global orientation and presentation of 
diagnosis (normal finding). These images should 
not be used for reading 



contrast-enhanced scan (for the scan pro- 
tocol, see Chap. 20). If the calcifications are 
significant, a contrast-enhanced scan may 
not bring any further information since the 
coronary lumen may be obscured by calci- 
fications. This effect is especially important 
when using 4-slice scanners. The threshold 
for a diagnostic contrast enhanced scan may 
be as low as 335 Agatston Score. When us- 



Fig.21.4. Curved MPR of a right coronary ar- 
tery, no stenosis present. This postprocessing 
type can be used for demonstration of diagnosis 
for a single coronary artery. Can also be used for 
cautious reading, note that motion artifacts {ar- 
row) may look like a coronary stenosis 



ing a 16-slice scanner the threshold may rise 
to 1000 Agatston [7,8]. If calcifications are 
detected exceeding these limits, the exam 
should be terminated before contrast-en- 
hanced scanning and the patient referred 
to conventional coronary angiography. For 
>16-slice-scanners there are no calcium lim- 
its established at present. 
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Fig. 21.5. Double oblique MIP (4-6 mm) used 
for primary reading. Since the entire coronary 
vessel can not be visualized, one has to interac- 
tively scroll through the stack of images. Medi- 
um-grade stenosis at proximal LAD {arrow) 



If the calcium score does not exceed the 
limits stated above, the CTA scan is per- 
formed. 



Postprocessing 

and Image Interpretation 

For image reconstruction, a preset recon- 
struction algorithm provided by each man- 
ufacturer can be used. Generally, the recon- 
struction window is set to start at 60% RR 
interval. If coronary segments show motion 
artifacts, an additional test-series recon- 
structing single slices in 5% steps at a given 
z-position is recommended, ranging from 
to 95% relative to the RR interval. The time 
point with the least motion artifacts is then 
chosen to reconstruct the entire stack of 




Fig. 21 .6. Double oblique MIP as four-chamber view, long-axis view, and short axis view (4-6 mm). 
Scrolling through the image stack in this direction serves as assessment for general cardiac noncoro- 
nary morphology, such as valves, myocardium, or the presence of intracavital thrombi 



images of the MDCT scan. Typically a slice 
thickness of 0.6-1 mm with an increment 
of 0.4-0.8 mm and a medium-smooth re- 
construction kernel is used. Most vendors 
recommend specifically adapted cardiac 
kernels that should be used. 

Generally, advanced postprocessing 
techniques such as 3D volume rendering 
and curved maximum intensity projections 
(curved MIPs) are too time-consuming and 
often of limited use for the physician read- 
ing cardiac images (Figs. 21.3 and 21.4). Im- 
age-interpretation techniques, such as dou- 
ble-oblique MIPs or MPRs (reconstructed 
thickness with overlap 2-6 mm), yield fully 
diagnostic results. It is recommended that 
each coronary segment should be evalu- 
ated interactively by scrolling through the 
dataset in an adapted right anterior oblique 
(RAO) viewing angle for the LAD and a left 
anterior oblique (LAO) viewing angle for 
the RCA and RCX. If a suspected lesion is 
detected, the degree of stenosis should be 
established in at least two orthogonal view- 
ing angles to account for potentially eccen- 
tric lesions (Fig. 21.5). 

After having assessed the coronaries, 
the left atrium and ventricle should be as- 
sessed. The best visualization technique 
is a standard MPR in short and long axis 
view as well as the four-chamber view. The 
presence of intracavital thrombi, as well as 
the assessment of the myocardium regard- 
ing signs of hypertrophy, presence of scar 
tissue, or presence of aneurysms should be 
performed (Fig. 21.6). 

The right atrium and ventricle is usually 
difficult to assess using CT imaging due to 
the contrast media influx artifacts. Only 
enlarged right cavities or obvious masses 
should be reported. 



Since the tricuspid valve is virtually nev- 
er and the pulmonary valve rarely visual- 
ized, only the aortic and mitral valve should 
be assessed. Calcifications of either valve 
indicate that there is a higher likelihood of 
valve stenosis or insufficiency present. Ex- 
act determination of valve functionality is 
not clinically feasible at present. 
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Indications 

To date, there is no evidence-based indica- 
tion to assess cardiac function using retro- 
spectively electrocardiogram-gated (ECG- 
gated) multislice spiral computed tomogra- 
phy (MSCT) imaging as a standalone exam. 
Thus all functional imaging and evaluation 
is taken from exams assessing cardiac and 
coronary morphology. These exams enable 
assessment of cardiac function as follows: 

1. Determination of global left ventricular 
function: 

End-diastolic volume (EDV) 

End-systolic volume (ESV) 

Stroke volume (SV) 

Ejection fraction (EF) 

Cardiac output (CO) 

Peak filling rate (PFR) 

Peak ejection rate (PER) 

Time to PER (TPER) 

Time from end-systole to PFR (TPFR) 

Myocardial mass 

2. Regional wall motion analysis 

Patient Preparation 

• For functional assessment, no p -block- 
age is in principle necessary. However, 
since p -blockage prior to the scan is 
recommended for coronary analysis, 
and since functional assessment is al- 
ways part of a comprehensive cardiac 
assessment, most patients will be p- 
blocked prior to the scan. Thus, one has 
to be aware of potentially altered cardiac 
functional data when using CT. 

• 20 or 18 G i.v. access antecubitally, su- 
pine position. 



Topogram/scan range: entire chest/base 
of heart to carina (Fig. 22.1). 
Placement of ECG-leads. 



Tips and Tricks 

1. Make sure i.v.-access is fully patent. 

2. Attach ECG-leads after patient has lifted 
his/her arms above the head to avoid 
dislocation and use the "rules" of each 
manufacturer for positioning (not a 
"normal" diagnostic ECG). 

3. Have the patient start to hold their 
breath about 5 s prior to scan (Valsalva 
maneuver will lead to decrease of heart 
rate). 

4. It is not necessary to disable the ECG- 
dependent dose modulation to obtain 
better image quality in systole; the im- 
age quality is fully diagnostic to assess 
regional wall movement. 

Rationale for Scanning 

For an efficient management of patients 
with cardiac disease, whether it be coro- 
nary artery disease (CAD), dilative cardio- 
myopathy, valve disorders, or congentital 
heart disease, a comprehensive, noninva- 
sive examination is desirable, assessing 
both, coronary morphology as well as left 
ventricular (LV) function. Recently, ret- 
rospectively ECG-gated MSCT proved its 
ability to acquire thin section coronary an- 
giograms, providing a good sensitivity and 
specificity for the detection of coronary ar- 
tery stenosis [1]. Assessment of LV volumes 
also proved feasible [2]. So far, evaluation 
of the LV-function was limited due to a tern- 




Fig. 22.1. Topogram. Arms above the head. The topogram is identical to that of a gated cardiac 
scan; no modifications are needed. The carina is the upper border, the heart's base is the lower 
border 



poral resolution restricted to 125-250 ms 
for 4-slice systems and 94-188 ms for 16- 
slice systems. Currently available systems 
with 64-slices have a temporal resolution 
up to 85-165 ms. Although global LV-func- 
tion could already be assessed with good 
correlation to biplane ventriculography, 
echocardiography, and magnetic resonance 
imaging (MRI) for 4-slice systems [3,4,5], 
the latter is still superior when compared 
with 4-slice CT, calling for improved tem- 
poral resolution and shorter scan times 
for MSCT systems, such as 16- or 64-slice 
systems. However, there are only few stud- 
ies assessing regional wall-motion analysis 
from MSCT data, showing that MSCT wall- 
motion analysis is limited by the temporal 
resolution [6]. 



Anatomy 

When assessing functional aspects of the 
heart, the following structures should be 
viewed for diagnosis (Fig. 22.2): 

1. Left atrium and ventricle. 

2. Right atrium and ventricle (size and 
shape only). 

3. Possible intracavital masses (e.g., throm- 

bo. 

4. Mitral and aortic valve leaflets. 

5. Mitral and aortic valve anulus. 

To report findings concerning the left 
ventricle, the AHA segment model can be 
used as a widely accepted gold standard 
(Fig. 22.2). However, when communicating 
with referring physicians the strict number- 
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Fig. 22.2. Left ventricular segmentation model 
according to the AHA classification bases on 
short axis views. There are 17 different seg- 
ments, one ring of six segments at a basal short 
axis view, six segments at a mid ventricular short 
axis view and four segments apically. The apex 
itself is considered the 17th segment 



ing is often replaced by anatomical descrip- 
tion such as, e.g., "inferolateral" instead of 
"segment 5 and 11." 

Scanning 

For functional assessment, no other spe- 
cial scanning parameters are required than 
those of a regular cardiac scan for coronar- 
ies and/or bypasses. 

Functional parameter assessment is al- 
ways complementary information taken 
from morphological studies. Thus ECG- 
dependent dose modulation techniques 
should be applied whenever possible. Since 
P -blockers are important to improve image 
quality in coronary MSCT angiography, 
their potential benefit on image quality has 
to be weighted higher than subsequent al- 
terations of functional parameters. 



Postprocessing 

and Image Interpretation 



For quantitative assessment of left ven- 
tricular function only the end-systolic and 
end-diastolic phase is needed for image re- 
construction whereas for semi- quantitative 
assessment of regional wall-motion abnor- 
malities, about 20 datasets throughout the 
cardiac cycle are required. They may either 
be complete datasets of the entire volume 
or different sections such as short or long 
axis views (see Fig. 22.3). Generally, most 
workstations handle complete volume da- 
tasets up to 10 different cycles, whereas for 
defined views, up to 25 different time points 
in the RR-cycle can be analyzed. Thus for 
all practical purposes, the authors recom- 
mend reconstructing two complete datas- 
ets in end-systolic and end-diastolic phase 
for assessment of quantitative functional 
parameters. For semiquantative wall-mo- 
tion analysis, 20-25 cycles in the RR in- 
terval in the short axis as well as the two-, 
three-, and four-chamber view should be 
reconstructed. 

To determine end-systole and end-dias- 
tole, a mid-left ventricular axial test series 
can be performed at 4-5% steps throughout 
the RR interval, yielding an accurate de- 
termination of both phases. Alternatively, 
assessment of short axis views from 20-25 
phases allows a more precise determination 
of end-systole and end-diastole. However, 
this technique is much more time consum- 
ing. 

Since most algorithms use a modified 
Simpson rule, 8-12 double oblique MIPs or 
MPRs are reconstructed along the ventric- 
ular axes with a slice thickness of <8 mm 
without interslice gaps. One set of images is 
calculated for end-systole and diastole. The 
first image should encompass the apex; the 
last image should visualize at least 50% of 
the myocardial circumference (Fig. 22.4). 
The most frequent cause for inaccurate 
results is the variance of the basal image. 
Mostly, the papillary muscles are consid- 
ered to be part of the ventricular blood 
pool. Depending on the workstation used, 




Fig. 22.3. For easy assessment three planes perpendicular to each other are most suited: short axis, 
two-chamber view, and four-chamber view. To clarify this simple principle, all orientation lines have 
been left in the images. The green line is parallel to the septum, the blue line through the mid-mitral 
valve through the apex, and the red line is orthogonal to the green and blue line 



the epi- and endocardial border is more or 
less automatically detected with manual 
corrections needed. All quantitative pa- 
rameters are automatically computed and 
derived from the measurements. 

For semiquantitative wall-motion analy- 
sis, the acquired image series are viewed in 
cine mode. By observing the movement of 
the left ventricular wall, four different mo- 
tion patterns can be described. 

1. Normal, timely, and inward-directed 
wall motion of left ventricular wall with 
adequate wall thickening is described 



as normokinesis. Only fully contractile, 
nonischemic myocardial segments are 
considered to be normokinetic. CAVE: 
The analysis is performed under rest- 
ing conditions, thus partly ischemic wall 
segments may appear normokinetic at 
rest and hypokinetic under stress condi- 
tions. This borderline ischemia will be 
missed using cardiac MSCT. 
2. Regional inward wall motion that is ei- 
ther smaller in amplitude or not timely 
synchronized with the other wall seg- 
ments with visibly impaired wall thick- 
ening is called hypokinesis. Ischemic 
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Fig. 22.4. Reconstruction principle for quantitative assessment of the LV-function. Since most al- 
gorithms use a modified Simpson rule, 8-12 double oblique short axis MIPs or MPRs are calculated. 
Identically orientated sets of images are calculated for end-systole and end-diastole. The first image 
encompasses the apex (1), the last image (3) should visualize at least 50% of the myocardial circum- 
ference 



segments/small myocardial infarctions 
may display this behavior. 
3. Regional wall sections that do not move 
at all through the cardiac cycle or only 
display passive movement ("dragged 
along" by other wall segments) and/or 
show no signs of wall thickening are de- 
scribed as akinetic segments. Myocardi- 
um that is either scarred or significantly 
ischemic may display this movement 
pattern. The underlying cause is most 
likely a severe coronary stenosis or a 
consequence of a myocardial infarction. 



4. Regionally thinned wall sections that 
perform an outward bound wall move- 
ment in systole are described as dyski- 
netic segments. Only large areas with a 
thinned and severely scarred wall due to 
significant myocardial infarction display 
this moving pattern (e.g., aneurysms). 

If a wall-motion abnormality is detected, 
it should be correlated with the coronary 
anatomy and its supply territories to dis- 
criminate a possible target vessel (see 
Fig. 22.5). 



Coronary Artery Territories 
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Fig. 22.5. Left ventricular myocardial territo- 
ries as supplied by the three different coronary 
arteries. This territorial supply is valid for most 
anatomical variants, but it may vary for left or 
right dominant coronary artery tree anatomy 



For a complete diagnosis, the presence of 
intracavital thrombi, as well as the assess- 
ment of the myocardium regarding signs of 
LV-hypertrophy should be performed. 

The right atrium and ventricle is diffi- 
cult to assess using CT imaging. However, 
enlarged right cavities or obvious masses 
should be reported. To rule out or diagnose 
small right atrial thrombi is virtually im- 
possible, since contrasted blood from the 
upper vena cava mixes with noncontrasted 
blood in the right atrium/ventricle, causing 
the presence of multiple hypo- and hyper- 
dense areas in which hypodense thrombi 
may be masked or artificially created. 

Since the tricuspid valve is also virtu- 
ally never and the pulmonary valve rarely 
visualized only the aortic and mitral valve 
can be routinely assessed. Calcifications of 
either valve indicate that there is a higher 
likelihood of valve stenosis. Large ascend- 
ing aortic aneurisms may indicate the pres- 
ence of an aortic valve insufficiency. How- 
ever, exact determination of valve function- 
ality is not clinically feasible at present. If a 



dysmorphic valve is diagnosed for the first 
time using MSCT, a complementary exam 
such as echocardiography or cardiac MRI 
is indicated. 
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Indications 

1. Long term follow-up of arterial or ve- 
nous coronary bypass grafts. 

2. Assessment of bypass graft patency in 
the acute postoperative phase. 

Patient Preparation 

• Since most bypass patients receive a p- 
blocker as concomitant drug, an addi- 
tional p -blockage prior to the scan may 
not be necessary. The target heart rate 
is 50-60 bpm, analogous to the cardiac 
scan. Method: 50 mg metoprololtartrate 
30-60 min prior to the scan. Use 100 mg 
only when the heart rate is >70 bpm. No 
p -blocker should be given for intrinsic 
heart rates <60. 

• 20 or 18 G i.v. access antecubitally, su- 
pine position. 

• Topogram/scan range: entire chest/base 
of heart to mid aortic arch (Fig. 23.1). 

• Placement of ecg-leads. 

• Immediately prior to the scan, applica- 
tion of 0.8 mg nitroglycerin orally, or al- 
ternatively 2.5 mg of isosorbide dinitrate 
(coronary and bypass dilatation). 

Scan Parameters 

See Table 23.1. 



Tips and Tricks 

1. Make sure i.v.-access is fully patent. 

2. Attach ecg-leads after patient has lifted 
his/her arms above the head to avoid 




Fig. 23.1. Topogram. Arms above the head. 
The scan range should encompass the base of 
the heart as well as all bypass grafts. Generally 
it is sufficient to visualize the aortic origins of 
all venous grafts or arterial grafts used as free 
grafts; calcium scoring scan prior to the scan can 
be used as additional localizer for the contrast 
enhanced spiral, which is usually smaller than 
the nonenhanced scan. The carina is the upper 
border; the base of the heart is the lower border 



dislocation. Follow the "rules" of each 
manufacturer for positioning (not a 
"normal" diagnostic ecg). 

3. For 16- and 64-slice scanning, have the 
patient start to hold their breath about 
5 s prior to scan (Valsalva maneuver will 
lead to decrease of heart rate). For 4-slice 
scanning the scan time will be consider- 
ably longer, so the breath hold should 
start with the scan. 

4. Limit the scan range from the base of 
the heart to the mid-aortic arch. It is not 
necessary to scan the origin of the inter- 
nal mammarian artery if that vessel is 
used as graft. 



Table 23.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.375-0.5 


0.33-0.4 


Tube current time product (mAs) 


150 


140-160 


150-180 


Pitch corrected tube current time 
product (eff. mAs) 


400 


550-650 


750-900 


Collimation (mm) 


1.00/1.25 


0.625/0.75 


0.6/0.625 


Norm, pitch 


0.375* 


0.25* 


0.2* 


Recon. increment 


^H 






Reconstr.-slice thickness (mm) 


1.25 


1.0 


0.6-0.75 


convolution kernel 


standard/high res. 


standard/high res. 


standard/high res. 


Specials 


Retrospective 
ECG-gating 


Retrospective 
ECG-gating 


Retrospective 
ECG-gating 




ECG-pulsingfor 
HR<60 


ECG-pulsingfor 
HR<70 


ECG-pulsingfor 
HR<80 


Scan range 


Base of heart to 
mid-ascending 
aorta 


Base of heart to 
mid-ascending 
aorta 


Base of heart to 
mid-ascending 
aorta 


Scan direction 


Caudocranial 


Caudocranial 


Caudocranial 


Contrast media application 


Concentration (mg iodine/mL) 


350-400 


350-400 


350-400 


Mono/Biphasic 


Biphasic 


Biphasic 


Monophasic 


Volume (mL) 


150 


100 


80 


Injection rate (mL/s) 


4.0, 2.5 


4.0, 2.5 


5.0 


Saline chaser (mL, mL/s) 


30, 2.5 


30, 2.5 


60,5.0 


Delay (s) 


Test bolus 


Test bolus 


Test bolus or 
bolus tracking 



* Pitch values as recommended for Siemens systems; values for other brands may be slightly 
different. 



5. For good vessel opacification, use con- 
trast media containing >350 mg iodine/ 
mL. 



Comments 

Coronary artery bypass grafting (CABG) is 
one of the most common procedures for the 
treatment of symptomatic coronary artery 
disease (CAD). In excess of 570,000 pro- 



cedures were carried out in the USA alone 

in. 

Early follow-up studies on treatment of 
CAD using CABG by Cameron and cowork- 
ers in 1995 indicated that CABG resulted 
in significant relief from the symptoms of 
CAD in the short term, as well as improved 
mortality rates in certain patient subgroups 
[2]. However, longer-term follow-up studies 
have demonstrated a significant recurrence 
of disease in patients between one and six 
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years following treatment. Over 20% of 
treated patients presented with chest pain 
within one year of CABG, a figure that rises 
to higher than 40% at six years posttreat- 
ment. Furthermore, up to 25% of grafts 
were found to be occluded within five years 
of CABG [2,3]. Relapse is thought to occur 
either due to reoccurrence and progression 
of disease in the native vessels or as result 
of de novo disease in the bypass graft, with 
venous grafts proving apparently more 
susceptible than arterial grafts to de novo 
disease [4]. Early graft occlusion is also de- 
scribed in up to 23% of all patients and a 
large number of all patients develop angina 
pectoris within the initial three months 
[5]. 

Clearly then, one of the key issues for 
successful treatment management and se- 
curing improved mortality rates for symp- 
tomatic CAD patients is monitoring of graft 
patency and disease progression in both the 
distal runoff and the other native coronary 
arteries. 

For the purposes of follow-up and moni- 
toring, noninvasive techniques are pref- 
erable from both a patient care and cost 
perspective. Magnetic resonance imaging 
(MRI) and computed tomography (CT) are 
obvious candidates, and both have been 
used to successfully monitor graft paten- 
cy. However, limitations in these imaging 
technologies have previously hindered the 
follow-up of preexisting disease. 

Assessment of Graft Patency 
and Native Vessel Disease 

At our institution, a standardized work- 
flow is used for routine bypass CT exams: 
prior to the CT exam p -blockers are admin- 
istered to regulate patient heart rate, if nec- 
essary. Before each contrast enhanced scan, 
the circulation rate is determined before 
administering IV, as described below. Only 
then is the diagnostic scan performed. Im- 
ages are then postprocessed and reported. 



Measurement of Circulation Time 
and Diagnostic Scan 



To evaluate the circulation time, a test bo- 
lus is administered. The correct scanning 
delay is established by measuring CT at- 
tenuation values in the ascending aorta, 
taking the last slice with maximum con- 
trast as circulation time. Alternatively, au- 
tomated bolus detection can be used. This 
technique is especially suitable for >16- 
slice generation CT systems, since the scan 
time is only about 15 s. The rationale for 
not applying an automated bolus detection 
when using a CT system with 16 or less de- 
tectors is based on the subsequent difficul- 
ty of patient compliance to the breath hold 
command necessary to account for longer 
scan ranges and breath hold times between 
22 and 27 s. Using a dual-head power in- 
jector, 80-150mL intravenous contrast 
agent plus a saline chaser bolus is injected. 
CT imaging starts at the diaphragm cau- 
dally to all cardiac structures and stops 
in the mid-ascending aorta cranial to all 
coronary ostia and the origin of all venous 
grafts. The contrast-enhanced scan is then 
acquired using the scan parameters given 
in the table. ECG-pulsing with reduced 
tube current during systole should be used 
whenever possible to minimize radiation 
exposure. It should not be used in patients 
with extra systoles and variable heart rate. 
Generally, we have found no substantial 
need to adapt scanning protocols for car- 
diac imaging of patients with prior CABG 
procedure in comparison to those with no 
bypass grafts present. The key adaptation 
being the extension of the scan range to 
include the ascending aorta. To date there 
is no conclusive data, whether the proxi- 
mal part of IMA grafts, including its ori- 
gin from the subclavian artery should be 
included in the scan range or not. Most 
centers prefer to limit the scan range to 
the proximal ascending aorta due to dose 
considerations. 




Fig. 23.2. Curved MPR of the venous graft onto 
the LAD of the same patient as in Fig. 23.2 proxi- 
mally a high-grade lesion is present. Note that 
this lesion is difficult to see in the volume ren- 
dered image (Fig. 23.2). The distal anastomosis 
is preserved; the distal runoff is occluded. This 
postprocessing method can be used for demon- 
stration of the diagnosis 



Fig. 23.3. 3D volume-rendered image of a 
64-slice scan: this is an excellent visualiza- 
tion method for global orientation and iden- 
tification of single grafts, especially when 
multiple grafts are present. These images 
should however not be used for gauging by- 
pass patency 



Image Reconstruction 



Visualization Techniques 



For image reconstruction, a preset recon- 
struction algorithm provided by each man- 
ufacturer can be used. Generally, the recon- 
struction window is set to start at 60% RR 
interval. If coronary segments show motion 
artifacts, an additional test series recon- 
structing single slices in 5% steps at a given 
z-position is recommended, ranging from 
20 to 75% relative to the RR interval. The 
time point with the least motion artifacts is 
then chosen to reconstruct the entire stack 
of images of the MDCT scan. Typically we 
use a slice thickness of 0.6-1 mm with an 
increment of 0.4-0.8 mm and a medium 
smooth reconstruction kernel. Most ven- 
dors recommend specifically adapted by- 
pass/cardiac kernels that should be used. 



Generally, advanced postprocessing tech- 
niques, such as 3D volume rendering and 
curved maximum intensity projections 
(curved MIPs), are too time-consuming for 
routine work and often of limited use for 
the physician reading cardiac images. Nor- 
mal image interpretation techniques, such 
as double oblique MIPs or MPRs, yield fully 
diagnostic results. However, bypass grafts, 
especially sequential grafts, are consider- 
ably tortuous and therefore difficult to vi- 
sualize in a single plane. Thus, curved MIP 
projections have proved to be an appropri- 
ate method to assess the entire graft and 
to illustrate the diagnosis appropriately 
(Fig. 23.2). 
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Fig. 23.4. Curved MPR of the venous graft onto 
the RCA of the same patient as in Fig. 23.2 and 
23.3. The graft has a mild lesion proximally. The 
distal anastomosis shows a high-grade insertion 
stenosis, while the distal runoff is preserved 



Also, in general practice, information 
about the precise number of the existing 
grafts and the exact location of distal anas- 
tomoses is often unavailable, and thus 3D 
volume rendering is helpful in many cases 
(Fig. 23.3). 

Results from the Literature 

As noninvasive bypass CTA is a relatively 
new multislice CT application, its use has 
not yet been introduced into mainstream 
cardiology. In order to assess the bypass 
supplied vessel to a full extent, not only the 
patency of the bypass graft itself, but also 
the distal runoff has to be evaluated (Fig. 
23.4) [1]. This is especially challenging for 
4-slice CT since temporal and spatial reso- 
lution may be sufficient to visualize the 
grafts itself, but not the distal runoff [6]. 

With the introduction of 16 slice scan- 
ners, very encouraging results were pub- 



lished by Schlosser et al. [7] as well as by 
Martuscelli et al. [8], yielding a sensitivity 
and specificity of >90% for graft assess- 
ment. These data suggest that the use of by- 
pass CTA in the early postoperative phase 
in order to determine early bypass occlu- 
sion may be one indication. However, both 
studies did not investigate the visualiza- 
tion of the distal runoff, a clear limitation 
in order to gauge the clinical value of the 
method. With the introduction of >16-slice 
systems, there is reason to believe that these 
obstacles might be overcome. 
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Patient Preparation 

• p -Blockage prior to the scan, target heart 
rate is 50-60 bpm (for details please see 
Chapter 21). 

• 20 or 18 G i.v. access, supine position. 

Patient Positioning 

• Supine position, arms elevated. 

Scan Range 

• Base of the heart to carina (see Fig. 21.1). 

Scan Parameters 

See Chap. 21. 

Introduction 

Coronary artery stenting is the most fre- 
quent nonsurgical coronary revascular- 
ization procedure today. Approximately 
537,000 stent implantations were performed 
in the USA in 2001 and 175,000 in Germany 
in 2002. In drug-eluting stents, a six-month 
in-stent restenosis rate of 0% was reported 
[1]. However, in nondrug eluting stents 
(which is still the majority), in-stent reste- 
nosis is a major clinical problem with a six- 
month restenosis rate ranging from 11 to 
46% [2]. While invasive coronary angiog- 
raphy (ICA) remains the gold standard for 



coronary stent evaluation, noninvasive as- 
sessment of coronary stents would be highly 
desirable. Such an alternative to ICA would 
ideally have to address the three following 
clinical problems: (1) Stent occlusion (2) 
Stent restenosis (3) Disease progression in 
other coronary arteries. 

A combination of beam-hardening and 
partial-volume artifacts causes artificial 
thickening of the stent struts during CT, the 
so-called "blooming" of stents. The same 
artifacts are responsible for the artificial 
lumen narrowing of stents. The magnitude 
of artifacts and consequently the degree of 
lumen narrowing depends on the type of 
stent, the stent diameter, and various scan 
and reconstruction parameters. 

Stent Types 

Stents can be classified according to their 
geometry (slotted tube, monofilament, mul- 
ticellular, modular, helical-sinusoidal), un- 
derlying material (stainless steel, tantalum, 
cobalt-alloys, platinum, nitinol, titanium), 
modus of application (self-expandable, 
balloon-expandable), covering (phosphor- 
ylcholine, carbon), and drug elution (ra- 
pamycin, paclitaxel, actinomycin). Other 
features include flexibility, strut thickness, 
profile, radial stability, and shortening. 
The most important characteristics influ- 
encing radioopacity of stents are the ma- 
terial (atomic number, e.g., titanium=22, 
iron (steel) =26, cobalt=27, nickel=28, tan- 
talum=73) and the relative amount of metal 
per stent area. 
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Fig. 24.1. Individual appearance of 40 different stents using 64-slice CT (in vitro experiment, lumen 
contrast 250 HU). The Wiktor and Mansfield stents are made from tantalum, the Radius and Symbiot 
stents are made from nitinol, the Arthos-Pico, Coroflex-blue, Driver, and Vision stents are based on 
cobalt-chromium alloys and all others are based on stainless steel 



CT Imaging of Stents 

Influence of Stent Type 

Tantalum stents cause the most severe ar- 
tifacts and are not suitable for lumen as- 
sessment in CT. Titanium and nitinolstents 
cause the weakest artifacts but they are rare- 
ly used for coronary arteries. Most coronary 
artery stents are based on stainless steel. The 
appearance of steel stents varies depending 
on the individual design (see Fig. 24.1). 



Influence of Scanner Type 

Results of 4-SliceCT 

An in vitro study using 4-slice CT to assess 
19 different stents showed that reliable lu- 
men assessment was not possible [3]. The 
percentage of visible lumen ranged from 
38-0%. Three patient studies have been 
published that report 100% correct assess- 
ment of stent patency (stent occluded or not 
occluded, decision based on the indirect 
sign of contrast in the vessel distal of the 
stent), but insufficient stent lumen visibil- 
ity and stenosis assessment [4-6]. 



Results of 16-SliceCT 

The introduction of 16-slice CT systems 
with increased spatial and temporal reso- 
lution effectuated improvement in general 
image quality and stent assessability. Stent 
lumen visibility assessed in two in vitro 
studies ranged from 80-0%, depending on 
the stent type and convolution kernel used 
(see Influence of Image Reconstruction) 
[7,8]. 

Reported results on stent stenosis assess- 
ment in vivo are scarce. One study found 
seven of nine significant stenoses in 22 pa- 
tients and calculated a sensitivity of 78% 
and a specificity of 100%. Another study 
with 29 patients with left main coronary 
artery stents reported a correct detection of 
4/4 significant stent stenoses. 



Results of 64-SliceCT 

The recent introduction of 64-slice CT of- 
fers a further increase of spatial and tem- 
poral resolution that might improve stent 
lumen assessment, however, there are no 
published data yet. Initial experience is en- 
couraging, but results again vary depend- 
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Fig. 24.2. Differences of lumen visibility and stenosis detection depending on the scanner type 
and the convolution kernel in an in vitro experiment. Schematic on the left shows location of the 
implanted stenosis. Note improved lumen visibility and stenosis delineation using 16-slice CT and 
B46f convolution kernel 



ing on the stent type (see Fig. 24.1). In vivo 
studies are currently underway. 

Influence of Image Reconstruction 

The influence of image reconstruction al- 
gorithms on stent visualization is at least 
as important as the influence of the scan- 
ner type. In general, the sharper the ker- 
nel the higher percentage of the stent lu- 
men becomes visible. However, using very 
sharp kernels the lumen attenuation might 
be artificially decreased. Therefore, stent- 
dedicated convolution kernels have been 
developed (e.g., B46f for Siemens) that 
have less overshoot in the low-frequency 
region of the modulation-transfer function 
and consequently offer more reliable lu- 
men attenuation assessment. In vitro and 
in vivo studies have reported the superior- 
ity of a stent-optimized kernel (B46f) in 
comparison to the conventional medium- 



soft (B30f) convolution kernel (Fig. 24.2) 
[7-9]. The increase of image noise using a 
stent-optimized kernel can be retrospec- 
tively compensated for by smoothening 
filters [10]. 

Influence of Stent Diameter 

The diameter of the stent is another impor- 
tant factor influencing the lumen visibility. 
The larger the stent diameter the higher 
the visible percentage of the lumen. Stents 
with a diameter of >3.5 mm can usually be 
evaluated (Fig. 24.3) [11]. 

3D Reconstructions 

• MIP and VRT - used for localization of 
stent; not suitable for stent lumen assess- 
ment. 

• MPR - used for stent lumen assessment. 




Fig. 24.3. Patient with one stent in the left main 
coronary artery and the proximal left anterior 
descending (LAD) coronary artery of >3 mm di- 
ameter and a second stent in the left circumflex 
coronary artery (LCx) of <2 mm diameter. Note 
the importance of a large stent diameter for lu- 
men visibility. Images from a 64-slice CT, cour- 
tesy of A. Kuttner, Tubingen 



Indications/Considerations before 
Examining a Patient with a Stent 

Stent assessment is not a generally accepted 
indication for a coronary CTA examina- 
tion. However, considering the following 
special situations, a CTA might give help- 
ful information about the stent patency 
and/or significant stent stenosis. (1) The 
stent type must be suitable for CT imaging 
(a catalogue of the appearance of different 
stent types in CT, as provided in Fig. 24.2, 
might be helpful for deciding). (2) The 
stent diameter should be >3 mm. (3) A 16- 
slice scanner or better a 64-slice scanner 
should be available if stent restenosis is the 
question of interest (stent occlusion may 
be diagnosed with a 4-slice scanner). (4) A 
stent-optimized convolution kernel must 
be available for image reconstruction. (5) 
General requirements that apply for stan- 
dard CTA (contraindications, heart rate, 
etc.) must be considered. 
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Indications 

• Coronary artery system: suspected cor- 
onary artery disease (CAD) [1-4] and 
coronary anomalies [5]. 

• Cardiac morphology scan: pericardial 
disease, congenital heart disease [6]. 

• Status of postcoronary therapy: follow- 
up after coronary artery bypass surgery 
(CABG) [7] or percutaneous coronary in- 
terventions (PCI) (stent imaging should 
only be considered in appropriate re- 
search settings). 

• Postoperative phase after major cardiac 
surgery involving the coronaries, such 
as replacement of ascending aorta with 
reimplantation of the coronary ostia. 

• Emergency scanning for possible in- 
volvement of coronaries, e.g., type A dis- 
section. 



Patient Preparation 

If the conditions allow for heart-rate modi- 
fication, monitor the ECG for 1 min prior to 
scan initiation. If the resting heart rate is 
stable and less than 75 bpm, no beta-blocker 
application is necessary. If the resting heart 
rate is unstable or greater than 75 bpm, 
slowly administer up to 20 mg metopro- 
lol i.v. in 5 mg aliquots until the heart rate 
less than 75 bpm [8]. Image quality, using 
a voxel adapted multicycle reconstruction 
algorithm at a rotational speed of 0.4 s, is 
consistent up to 80 bpm. At higher heart 
rates, the scan may be initiated, but the rate 
of residual motion artifacts increases and 
image quality suffers [8]. 



In cases where the heart rate can not 
be controlled, such as acute perioperative 
phase or acute emergency (e.g., suspected 
aortic dissection), no special patient prepa- 
ration may be possible and the scan proto- 
col has to be adapted to this situation. 

Patient Positioning 

Supine, feet first, arms elevated, ECG elec- 
trodes positioned on anterior and lateral 
chest. 



Topogram/Scan Range 

For cardiac assessment, 0.5 cmbelowthe Ca- 
rina to diaphragm infracardially (-13 cm). 
If necessary, expand the scan range to the 
diagnostic needs, such as ascending aorta/ 
supraaortic branches (Fig. 25.1). 

Table Scan Parameters 

See Table 25.1. 



Tips and Tricks 

Phase selection for reconstruction is han- 
dled very differently using various vendor 
platforms. Most approaches rely on either 
absolute determination (milliseconds after 
or before an R spike) or relative (percent- 
age) determination of the beginning of the 
reconstruction phase [9]. Other approaches 
using adaptive multi-cycle reconstruction 
provide percentages to determine the cen- 




Fig. 25.1. Scan range for coronary artery scan. 
On an anteroposterior surview scan the cranial 
scan end is set 0.5 cm below the carina and ex- 
tended to the diaphragmatic level of the heart 
as the caudal end. For a follow-up post-CABG, 
the cranial start has to be positioned in the tho- 
racic aperture to cover the branching point of 
the mammary artery. Typical scan durations are 
14 s for a coronary and 20 s for a post-CABG scan 
(40 detector rows) 




Fig. 25.2. Patientafterascending aorta replace- 
ment (aortic aneurysm) and reimplantation of 
coronary arteries. Both coronary ostia can be vi- 
sualized without motion artifacts. The heart rate 
reached 143 bpm, but the average heart rate 
was 124 bpm (see upper ecg in Fig. 25.8). The 
R-R interval for reconstruction was 20%. Image 
aquired with a Siemens Sensation 64 System 



ter of a phase window [10,11]. Even more 
complicated approaches account for the 
relative changes of systole and diastole over 
varying heart rates [10,11]. Therefore thor- 




Fig. 25.3. Patient postcoronary artery bypass 
grafting. Volume rendering provides excellent 
anatomical overview with occluded mammary 
artery {large arrow). The distal anastomosis to 
LAD is elevated due to pedicle shortening. A 
large venous graft with sequential anatomo- 
ses to first diagonal branch {arrowhead) and a 
marginal branch {arrowhead) is opacified. The 
image, however, lacks accurate lumen delinea- 
tion which is better seen on globe presentations 
(Fig. 25.4). Image aquired with a Philips Brilliance 
40 System 



ough knowledge of the phase positioning 
algorithm of your specific vendor is man- 
dated before considering literature recom- 
mendations. 

For initial reconstructions, one end- 
systolic phase (centered at 45% of the R-R 
interval) and one mid-diastolic phase in 
the diastasis (centered at 75% of the R-R 
interval) should routinely be acquired. Ad- 
ditional reconstructions are only necessary 
if no satisfactory image quality is provided 
by these two phases. For higher heart rates 
(>75 bpm) the optimal phase selection for 
reconstruction is end-systolic. Using physi- 
ological phase delays end-systole is con- 
sistently located at 40-50% of the cardiac 
cycle across a wide range of heart rates. If 
your platform uses non-physiologically 
adaptive phase settings you have to ac- 
count for different heart rates manually. 



Table 25.1. Scan parameters 
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Parameter 


10-16 slice scanners 


32-64 slice scanners 


Tube voltage (kV) 


120 


120 


Rotation time (s) 


0.37-0.42 


0.33-0.37 


Tube current time product (mAs) 


>100 


>140 


Pitch corrected tube current time 
product (eff. mAs) 


>500 


>700 


Collimation 


0.75 


0.625 


Norm. Pitch 


0.2-0.3 


0.2 


Reconstruction increment (mm) 


0.5 


0.3-0.5 


Reconstr. Slice thickness (mm) 


^| 


0.67-0.9 


Convolution kernel 


standard/high res. 


standard/high res. 


Scan direction 


craniocaudal 


craniocaudal 


Contrast media application 


Concentration (mg iodine/ ml) 


400 




Volume (ml/ kg BW) 


1,2 


1,2 


Injection rate ml/s 


H 


^| 


Scan delay 


Bolus tracking (150 HU) 


Bolus tracking (150 HU) 



As a general rule, for heart rates of 75-85 
bpm, 35-45% (this percentage determines 
the beginning of the phase reconstruction 
window) of the R-R interval is an optimal 
reconstruction phase, 85-95 bpm a 25-35% 
R-R interval seems to be most adequate 
and for heart rates > 95 bpm, a 15-25% R-R 
interval reconstruction yields results with 
the least motion arfifacts present. However, 
this general rule is indicating only a trend, 
so that individual test series are necessary 
to individually determine the optimal time 
point for reconstruction (see Fig. 25.2). For 
scan initiation, automatic bolus triggering 
provides the most reliable results. Use a ROI 
in the descending aorta with a threshold of 
150 HU and a scan initiation delay of 6 s. 

Clinical Applications 

As shown by multiple authors in single cen- 
ter studies in the past [1,2], noninvasive 
coronary CT angiography is suitable for 



ruling out CAD with a high negative pre- 
dictive value. It should therefore be used 
as a gatekeeper for invasive coronary angi- 
ography to rule out disease in patients with 
equivocal clinical presentation not necessi- 
tating immediate intervention. 

It may furthermore serve as an excel- 
lent adjunct for imaging suspected coro- 
nary anomalies or questionable disease of 
the proximal ostial part of the coronary 
tree, since it is superior for this purpose, 
even compared to conventional angiog- 
raphy [5]. Another application is imaging 
coronary artery bypass grafts with higher 
accuracy than that achieved by invasive 
angiography to detect graft patency [7]. 
Studies beyond 16 detector rows will be 
conducted to potentially extend this ap- 
plication and include imaging of the dis- 
tal anastomotic site and the distal part of 
the grafted coronary artery (Figs. 25.3 and 
25.4). 

All these applications require robust- 
ness, which is still compromised for most 




Fig. 25.4. D globe view of the same case as in 
Fig. 25.3. The sequential vein graft to first diago- 
nal and a marginal branch is opacified with ve- 
nous valve remnants {asterisk). Distal anastomo- 
sis to the diagonal branch {arrowhead). Proximal 
LAD shows a high-grade stenosis {thin arrow) and 
the tented region of distal anastomosis with the 
mammary pedicle {thick arrow). The globe view 
is generated by an MIP projection of centerline 
tracings on a spherical structure. This allows one 
to imitate classic projections of catheterization 
angiograms and renders suitable projections 
for the referring physician. Image aquired with 
a Philips Brilliance 40 System 



patients without sinus rhythm, although 
sufficient image quality for cases of atrial 
fibrillation have been reported sporadical- 
ly [12]. Another critical issue is heart rate, 
with robust image quality available up to 
80 bpm; image quality is substantially com- 
promised beyond this threshold [8]. There- 
fore, beta-blocker application is still highly 
recommended. 

Keeping these limitations in mind, the 
spectrum of indications for coronary or 
bypass imaging as is limited. Stent imag- 
ing or plaque assessment of early arterio- 
sclerosis requires optimal image quality 
and thus should only be performed under 
conditions of low and stable heart rates. In 
the postsurgical or emergency situation 
the focus is limited to major pathology. In 
these cases "sufficient image quality" may 
be defined with different thresholds. If the 
principal luminal patency of a coronary 



Fig. 25.5. Sample 2D globe view with unfolded 
coronary tree. All three main branches are in- 
cluded (3 mm MIP projection). The image is gen- 
erated after centerline placement in RCA, LAD 
and LCX. Soft plaque lesions are apparent in the 
mid-LAD and distal RCA. Image aquired with a 
Philips Brilliance 40 System 



artery or bypass graft is demonstrated, 
residual motion artifacts to some degree 
would be acceptable (see Fig. 25.7). For 
this application the minimum technical 
requirement is a CT scanner with at least 
16 detector rows and gantry rotation times 
preferrally <400 ms. 



Image Interpretation 

The mainstay for diagnostic reading pur- 
poses is a thin-sliding MIP projection with 
variable slice thickness (typically in the 
range of 0.9-5 mm). The MIP projection is 
individually rotated around dynamically 
modified rotation centers. As this modality 
is not suitable for the generation of images 
for the referring physician, additional effort 
should be invested to generate curved MPR 
and MIP images or so-called globe images 
(Figs. 25.4 and 25.6). These allow a complete 
unfolding of the coronary tree in a single 
2D plane (Fig. 25.6). 3D projections of the 
coronary tree allow accurate representa- 
tions of the pathologic findings (Fig. 25.4). 
Segmentation is currently achieved with 
one single marker set in the midsection of 
the coronary branch of interest and auto- 
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Fig. 25.6. To extract the coronary tree from the 
3D volume acquisition, centerlines are thread- 
ed through the main vessel branches. This is 
achieved with a semiautomatic segmentation 
tool. Four detection points have to be set manu- 
ally in the aortic root and the mid sections of the 
three major branches. The centerline is gener- 
ated automatically on these anchor points. Cur- 
rently, this method achieves reliable results in 
about 70% of the cases. Image aquired with a 
Philips Brilliance 40 System 



matic extension as already achieved a high 
level of robustness, allowing one to handle 
both coronary arteries and bypass grafts 
(Fig. 25.6). 




Dose Considerations 



Fig. 25.7. 22-year-old male patient with acute 
aortic rupture {single arrow) and concurrent con- 
genital coarctation. The ecg-gated study was 
performed to confirm the clinical suspicion of 
an aortic rupture. A previously performed non- 
gated single slice helical CT had merely diag- 
nosed an aneurysm. Heart rate was greater than 
120 bpm, the reconstruction interval was 15% 
R-R interval. Excellent image quality, especially 
of the left anterior descending artery in the VRT 
image {lower left). However the curved MlP-pro- 
jection of the circumflex artery displays motion 
artifacts resembling coronary plaque, a very un- 
likely diagnosis in this case. Image aquired with 
a Siemens Sensation 64 System 



Retrospectively ECG-gated CT imaging is 
capable of irradiating a patient with signifi- 
cant amounts of radiation if inappropriate 
scan parameters are used. One inherent dis- 
advantage of the method is, that only frac- 
tions of the applied dose within a cardiac 
cycle are used for high-resolution image re- 
construction. This holds true for both single 
or multi-cycle reconstruction algorithms. 
To alleviate dose exposure, most manufac- 
turers provide ECG-controlled tube current 
modulation which automatically reduces 
the dose to a minimum during phases not 
contributing to high resolution image re- 
construction. Dose savings may amount up 



to 50% [13]. However phase selections after 
the scan are restricted to the very narrow 
window selected prior to scan initiation. In 
other words phases are selected based on the 
resting ECG prior to scan start and do not 
account for heart rate variations or arrhyth- 
ma during the acquisition. This results in 
noise bands apparent on the reconstructions 
should heart rate variation exceed certain 
limits or in cases of premature contractions. 
Therefore, many centers prefer to use this 
feature only for stable low heart rates. Sec- 
ondly, the algorithm works efficiently only 
at lower heart rates, so that the dose saving 
effect for heart rates >120 is marginal [13]. 
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Fig. 25.8. Effectiveness of ecg controlled-dose modulation at various heart rates. The lower ecg 
trace shows a very efficient dose modulation {pink line) with a dose reduction of greater than 50% 
for low heart rates; the mean heart rate was 52 bpm. The upper ecg-trace shows a poor efficiency 
of the dose modulation with barely any dose reduction at high heart rates; the mean heart rate was 
124 bpm 



In conclusion, scanning at higher heart 
rates often is associated with an increase 
of the dose exposure (see Fig. 25.8). Thus 
a careful selection of patients is warrant- 
ed. Clearly, in potentially life-threaten- 
ing conditions the dose aspect should not 
be the clinicians first concern. If properly 
used, retrospectively ECG-gated imaging is 
a powerful tool to acquire potentially life- 
saving information even under unfavorable 
conditions. 
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Indications 

• Steatosis. 

• Cirrhosis. 

• Iron overload (hemodrom atosis). 

• Hepatitis. 

• Sarcoidosis. 

• Portalvenous thrombosis. 

• Budd-Chiari syndrome and venous con- 
gestion. 

Patient Preparation 

Supine, arms elevated, no oral contrast. 
Breath-hold imaging must be explained to 
the patient. 

Scan Range 

Level of diaphragm to lower rim of the 
liver/mid-level of kidney; hepatic contour 
normally visible on scout view (Fig. 26.1). 

Table scan parameters 

See Table 26.1. 

Tips and Tricks 

• In severe cases of diffuse liver disease 
(e.g., end stage cirrhosis and acute liv- 
er failure) the patient's cardiovascular 
situation can be impaired significant- 
ly. In these cases, the amount of deliv- 
ered contrast has to be diminished as 
much as reasonably possible and the 
patient has to be monitored, especially 




Fig. 26.1. Topogram. For better display, a coro- 
nal reformation is used. Be aware that in diffuse 
liver disease the form and longitudinal range of 
the liver can be highly variable 



after the study. Otherwise, MRI is ad- 
visable. 

A wide variety of diseases are associated 
with diffuse parenchymateous changes 
of the liver that can be characterized by 
steatotic and/or fibro-cirrhotic changes. 
The pathological background may be 
metabolic-systemic, inflammatory-in- 
fectious, vascular, malignant, or due to 
other rarer entities (e.g., primary biliary 
cirrhosis) [1-3]. In general, the task of 
imaging is to identify secondary compli- 
cations related to the underlying disease 
rather than to establish the diagnosis of 
diffuse liver disease. 
Since many diffuse liver diseases are as- 
sociated with cirrhosis the portalvenous 
scan is essential to assess the status of the 
portal vein. With respect to nodular re- 
generation in cirrhosis with potential de- 
differentiation of a regenerating nodule to 
a hepatocellular cacinoma (HCC), charac- 
terized by arterial hypervascularization, 
an arterial dominant scan is justified in 
ambiguous cases. Nevertheless, it is gen- 
erally accepted that MRI is by far superior 
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Table 26.1. Scan parameters for various multisliceCT scanners 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.5 




Tube current time product (mAs) 


124-300* 


124-300* 


124-300* 




Pitch corrected tube current time 
product (eff. mAs) 


155-250* 


155-250* 


155-250* 




Collimation (mm) 


2.5 


1.25/1.5 


0.6/0.625 




Norm, pitch 


0.8-1.2 


0.8-1.2 


0.8-1.2 




Reconstr. increment (mm) 


4-6 


5-6, 

for recons. 1 


5-6, 

for recons. 0.6 




Reconstr.-slice thickness (mm) 


4-6 


5-6, for recons. 
1.5-2 


5-6, 

for recons. 0.75 


Convolution kernel 


Standard 


Standard 


Standard 




Specials 


Scan range 


Diaphragm to 
caudal hepatic 
surface 


Diaphragm to 
caudal hepatic 
surface 


Diaphragm to 
caudal hepatic 
surface 


Scan direction 


Craniocaudal 


Caudocranial 


Caudocranial 




Contrast media application 










Concentration (mg iodine/ml) 


300 


300 


300 




Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 




Volume (ml_) 


120-150* 


100-150* 


100-130* 




Injection rate (mL/s) 


4.0-5.0 


4.0-5.0 


4.0-5.0 




Saline chaser (mL, mL/s) 


Optional 


Optional 


Optional 




Delay (s) 


Bolus track- 
ing, portalve- 
nous+50 


Bolus track- 
ing, portalve- 
nous+55 


Bolus track- 
ing, portalve- 





* To be adapted to patient's weight and constitution. 



in the characterization of diffuse liver dis- 
ease and the detection of specific compli- 
cations in diffuse liver disease compared 
to all other imaging methods [3-5]. 

Selected Pathologies 

Steatosis of the liver is seen as the result of 
a spectrum of disorders such as alcohol- 
ism, severe hepatitis, hepatotoxic agents, 



or corticosteroids (Fig. 26.2). Steatosis can 
be reversible and may be silent, but it may 
also be associated with enlargement of the 
organ. CT features include the decreased 
attenuation of liver parenchyma in unen- 
hanced and enhanced imaging. As a rule of 
thumb the attenuation of the liver is lower 
than that of the spleen or the kidneys. 

Hepatic cirrhosis is most commonly 
caused by alcoholism or as a complication 
of hepatitis. The role of CT imaging here is 
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Fig. 26.2. Note the relatively low signal of the 
liver according to an increased storage of intra- 
cellular fat due to chemotherapy. Nevertheless, 
a residual metastasis from CRC is still visible {ar- 
row) during arterial-phase imaging 




Fig. 26.3. Typical appearance of a portalvenous 
thrombosis 



limited. However, CT can exclude altera- 
tions in hepatic size or shape, and espe- 
cially exclude hepatocellular carcinoma, 
which may arise in cirrhotic livers more 
frequently. Typical signs of a cirrhotic liver 
are rounded lobular contours and the en- 
largement of the left and the caudate liver 
lobes. 

Iron overloading of the liver is seen in 
various forms of hemochromatosis. Chang- 
es in the liver parenchyma lead to increased 
attenuation in unenhanced scans (>70 HU); 
however, this sign may also be seen, for ex- 
ample, in Wilson's disease. 

While hepatitis is a frequent and im- 
portant disease entity, the role of CT in 
hepatitis is limited, hence imaging findings 
are nonspecific. Sarcoidosis leads to an en- 
largement of the liver and spleen, and may 
also show multiple small hypodense nod- 
ules in both organs. 

The most common causes for portalve- 
nous thrombosis are local inflammation 
(such as pancreatitis and cholangitis) or 
local neoplasm. CT signs of portalvenous 
thrombosis are enlargements of the portal 
vein, lack of central portal vein enhance- 
ment but rim enhancing, and low attenua- 
tion in the affected vessels (Fig. 26.3). In- 
direct signs include alterations of hepatic 
blood supply detected by CT, such as tran- 
sient attenuation differences of individual 
liver lobes. 

The Budd-Chiari syndrome (occlusions 
of hepatic veins) is a thrombotic occlusion 




Fig. 26.4. CT appearance in Budd-Chiari syn- 
drome. Inhomogeneous parenchymal contrast. 
Note the missing contrast in the inferior cava 



of the venous outflow, and can be distin- 
guished by careful observations of the he- 
patic veins in the venous phase, rather than 
being hypodense and leading to hepatic en- 
largement (Fig. 26.4). 

In conclusion, diffuse liver disease with 
potential parenchymateous changes (e.g., 
alcoholism, infectious cirrhosis, Wilsons's 
disease, Budd-Chiari syndrome, hemo- 
chromatosis, etc.) and related complica- 
tions (e.g., portalvenous thrombosis, col- 
laterals in portal hypertension, hepatocel- 
lular carcinoma) can be detected by CT. 
Nevertheless, for improved characteriza- 
tion and detection of additional (hidden) 
lesions MRI is recommended. 



VI Abdomen 



References 



Ros PR, Mortele KJ (2002) Hepatic imaging. An 
overview. Clin Liver Dis 6(1):1-16 
Kemper J, Jung G, Poll LW, Jonkmanns C, Lu- 
then R, Moedder U (2002) CT and MRI findings 
of multifocal hepatic steatosis mimicking ma- 
lignancy. Abdom Imaging 27(6):708-710 
Limanond P, Raman SS, Ghobrial RM, Busuttil 
RW, Saab S, Lu DS (2004) Preoperative imaging 



in adult-to-adult living related liver transplant 
donors: what surgeons want to know. J Comput 
Assist Tomogr 28(2):149-157 

4. Mortele KJ, Ros PR (2001) Imaging of diffuse 
liver disease. Semin Liver Dis 21 (2):195-212 

5. Vails C, Andia E, Roca Y, Cos M, Figueras J 
(2002) CT in hepatic cirrhosis and chronic hep- 
atitis. Semin Ultrasound CT MR 23(1):37-61 



27 Focal Liver Lesions 



T. Helmberger 



Indications 



Tips and Tricks 



Benign tumors 

Simple cysts (and polycystic liver 
disease) 

Parabiliary cysts 
Hemangiomas 

• Focal nodular hyperplasia (FNH) 
Hepatocellular adenoma 

Malignant tumors 

Hepatocellular carcinoma (HCC) 

• Cholangiocarcinoma (CCC) 
Metastasis 

Abscess 



Patient Preparation 

Supine, arms elevated, no oral contrast ex- 
cept if the biphasic hepatic protocol is in- 
corporated into a whole-body scan for stag- 
ing purpose. Bowel delineation by oral wa- 
ter or diluted contrast media is mandatory. 
Breath-hold imaging must be explained to 
the patient. 



Scan Range 

Level of diaphragm to lower rim of the liv- 
er/mid level of kidney (see previous chap- 
ter); the hepatic contour is normally visible 
on scout view (extent of scan range in case 
of whole body scan). 



According to the literature, most authors 
agree that an unenhanced scan adds no 
value to the biphasic scan and can be 
omitted (note: in follow-up studies af- 
ter trans-arterial chemo-embolisation, 
unenhanced scanning can be helpful to 
display the lipiodol storage and distribu- 
tion). 

To adapt the scan times individually to 
the patient's cardiovascular circulation 
times, a bolus tracking device should be 
used [1]. To gain a higher intravascular 
contrast 370 mg I/mL is recommended. If 
only contrast of 300 mg I/mL is available, 
sufficient attenuation can be achieved by 
increasing the volume to 150 mL and the 
flow rate up to 5.0 mL/s. Be aware of the 
risk of intra-extravascular fluid shift in 
circulatory instable patients [2]. 
Flipping the scan direction from cra- 
niocaudal to caudocranial may be suit- 
able in cases when the thorax has to be 
scanned additionally. 
In general, axial 4-mm slice thickness 
reconstructions will be diagnostically 
sufficient in most of the cases and are 
the best compromise between diagnos- 
tic accuracy and low noise and good 
image quality. Thinner reconstructions 
(1-2 mm) are recommended for second- 
ary reconstructions (e.g., abdominal CT 
angiography) [3]. 



Table Scan Parameters 



Anatomical Considerations 



See Table 27.1. 



Most commonly, the liver segments are 
subdivided according to the surgical clas- 
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Table 27.1 . Scan parameters for various multislice CT scanners 





4-8 slice 
scanners 


10-16 slice 
scanners 


16 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.5 




Tube current time product (mAs) 


124-300* 


124-300* 


124-300* 




Pitch corrected tube current time 
product (eff. mAs) 


155-250* 


155-250* 


155-250* 




Collimation (mm) 


2.5 


1.25/1.5 


0.6/0.625 




Norm, pitch 


0.8-1.2 


0.8-1.2 


0.8-1.2 




Reconstr. increment (mm) 


4-6 


5-6, 

for recons. 1 


5-6, 

for recons. 0.6 




Reconstr.-slice thickness (mm) 


4-6 


5-6, for recons. 
1.5-2 


5-6, 

for recons. 0.75 


Convolution kernel 


Standard 


Standard 


Standard 




Specials 


Scan range 


Diaphragm to 
caudal hepatic 
surface 


Diaphragm to 
caudal hepatic 
surface 


Diaphragm to 
caudal hepatic 
surface 


Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 




Contrast media application 










Concentration (mg iodine/mL) 


300/370 


300/370 


300/370 




Mono/Biphasic 


Biphasic 


Biphasic 


Biphasic 




Volume (ml_) 


100-150 


100-150 


100-150 




Injection rate (mL/s) 


4.0-5.0 


4.0-5.0 


4.0-5.0 




Saline chaser (mL, mL/s) 


Optional 


Optional 


Optional 




Delay (s) 


-20 and -50 


-25 and -60 


-25 and -60 





To be adapted to patient's weight and constitution 



sification proposed by Cuinaud in 1957, as 
shown in Fig. 27.1 (Cuinaud's classification 
of liver segments [4]). 

Selected Focal Liver Lesions 

In the group of benign tumors, cysts are 
easy to delineate. Simple cysts are common, 
occurring in 5-18% of the general popula- 
tion. They may be solitary or multiple and 
do not show enhancement after contrast ad- 
ministration. They are well circumscribed 



and feature a low density attenuation (usu- 
ally <20 HU). Multiple hepatic cysts occur 
in patients with an autosomal dominant 
trait and polycystic kidney disease. 

Hepatic hemangiomas are the most com- 
mon benign lesions of the liver, detected in 
up to 7% of a normal population. Using CT, 
hemangiomas are sharply defined masses 
featuring a distinctive pattern of enhance- 
ment after contrast enhancement: this pat- 
tern is characterized by a slow sequential 
opacification beginning at the periphery of 
the lesion and proceeding towards the cen- 
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Fig. 27.1. Liver segments as subdivided according to the surgical classification 




Fig. 27.2. Hemangiomas are sharply defined 
masses featuring a distinctive pattern of en- 
hancement after contrast enhancement: this 
pattern is characterized by a slow sequential 
opacification beginning at the periphery of the 
lesion and proceeding towards the center 



ter in about 60% of cases (Fig. 27.2). Fibrotic 
areas within the lesion that do not opacify 
are responsible for atypical contrast en- 
hancement patterns. In almost all cases, 
an arterial dominant and a portalvenous 
contrast-enhanced scan allow one to assess 
diagnostically sufficiently the contrast be- 
havior of a hemangioma. 

Focal nodular hyperplasia (FNH) is the 
second most common benign tumor with 
preferred subcapsular location. A rela- 



tively homogeneous enhancement during 
the arterial phase in contrast-enhanced 
CT is typically for this hypervasculatized 
lesion. The most prominent feature of 
the FNH is the central lower attenuation 
"scar" due to perivascular, central fibro- 
sis, and is also visible in later phases of 
the contrast-enhanced scans. However, 
atypical features may be seen in a rela- 
tively high percentage of these lesions (ca. 
30%), leading to a considerable overlap 
especially with the imaging features in 
hepatocellular adenomas. 

Hepatocellular adenomas are relatively 
rare, usually solitary, and consist of nor- 
mal hepatocytes. The CT (and MRI) ap- 
pearance of hepatocellular adenomas are 
variable and nonspecific. Previous bleed- 
ings may lead to hypoattenuation, while 
hyperattenuation may also occur owing to 
more recent hemorrhage or large amounts 
of glycogen. Following contrast injection, 
adenomas often show substantial enhance- 
ment (Fig. 27.3). 

Malignant Tumors 

Hepatocellular carcinomas (HCC) are the 
most common malignant liver tumor and 
may be solitary or multifocal. The HCC is 
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Fig. 27.3. Hepatocellular adenomas often show 
substantial enhancement 




Fig. 27.4. Metastasis from colorectal cancer. 
The commonly hypovascularized lesion is only 
visible during the portalvenous scan (b). Note 
the pseudolesion in the caudate lobe due to 
early arterial enhancement (a). The suspected 
small metastasis could not be revealed in fol- 
low-up studies 



Fig. 27.5. An increasing number of patients 
will be affected by one or more different pri- 
mary malignancies and/or will undergo che- 
motherapy. As a consequence, metastases may 
present hyper- and hypovascularized patterns 
at the same time, necessitating biphasic study 
protocols. In the arterial-dominant scan (a) two 
different types of metastases are visible: a hy- 
povascularized metastasis from CRC in segment 
2, staying hypodense on the portalvenous scan 
(b), two metastases from breast cancer with rim- 
like hypervascularization are visible in segment 
3 in the arterial-dominant scan (a, arrows), while 
the dorsally located lesion vanishes in the por- 
talvenous scan 



a tumor that predominantly receives the 
blood supply from the hepatic artery. In 
advanced cases, attention must be taken to 
detect invasion of the portal vein and con- 
comitant thrombosis. The CT appearance 
of a HCC is variable: calcification may oc- 
cur in up to 5%. The tumors usually pres- 
ent hypervascularized on arterial-domi- 
nant contrast-enhanced imaging. During 
the portalvenous phase, HCCs may become 
isodense or heterogeneous. 

The cholangiocarcinoma (CCC) of the 
liver is much less common than the HCC 
and accounts for less than 10% of the pri- 
mary malignant hepatic tumors. The typi- 
cal appearance in contrast-enhanced CT 



is that of a poorly demarcated hypodense 
lesion, sometimes with elevated enhance- 
ment at the tumor margines. 

Metastasis of extrahepatic tumors to 
the liver is a very common disease. Most 
metastases are hypovascularized relative 
to the normal hepatic parenchyma. There- 
fore, they present hypodense during the 
portalvenous phase. Nevertheless, the CT 
appearance of metastases is highly variable 
and sometimes difficult to differentiate 
from other lesions (Fig. 27.4). Calcifications 
may occur and are more frequently seen in 
metastases from mucinous tumors (e.g., 
colorectal carcinoma) or from ovarian 
cancer. If a carcinoid tumor is known, the 
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Fig. 27.6. Multiplanar reformations can be 
helpful for improved display of hepatic metas- 
tases especially in subcapsular/subdiaphrag- 
matic localization (a,b, arrows) 



hypervascularized metastases are best ap- 
preciated during the arterial phase, while 
the typical rapid washout and the tumor's 
anatomical relation to the hepatic vascular- 
ization can be best appreciated by a com- 
bined arterial-dominant and portalvenous 
scanning protocol (Fig. 27.5). 

Abscesses of the liver can occur from 
ascending cholangitis (biliary origin), he- 
matogenously, or from local infectious in- 
oculation. Depending on the origin, the CT 
imaging features may vary. Usually there is 
a hypodense round or irregular lesion with 
little or no contrast enhancement in the 
portalvenous phase. 

In conclusion, contrast-enhanced mul- 
tislice CT is a commonly applied imaging 
modality in the evaluation of focal liver 
disease. Most primary (hepatocellular 
carcinoma) and about 20-25% of the sec- 
ondary malignant lesions, as well as many 
benign lesions of the liver (e.g., heman- 
gioma, hepatocellular adenoma, FNH) are 
hypervascularized, while many secondary 
malignant hepatic lesions are hypovascu- 
larized. To depict the more or less char- 



acteristic vascularization patterns and to 
differentiate these lesions, a biphasic scan 
protocol after contrast injection is best 
suited. 

Detection and characterization of he- 
patic lesions particularly in patients with 
malignancies is a crucial, highly clinically 
relevant diagnostic task. CT is widely ac- 
cepted as the method of choice for this task. 
It is superior to ultrasound due to its user 
independency and reproducibility. In many 
malignancies it is appropriate to incorpo- 
rate hepatic CT into a whole-body staging 
protocol with a short scanning time as clear 
advantage over MRI [3,5]. The high tem- 
poral and local resolution of multidetec- 
tor CT enables multiplanar reformations 
(Fig. 27.6) enhancing the diagnostic accu- 
racy [6-8], consequently CT-arterioportog- 
raphy is becoming less and less important 
partially due to the relatively high rate of 
false positive findings [9]. 

Even if CT of the liver and abdomen are 
diagnostically sufficient in a high num- 
ber of cases, there will be equivocal cases 
mainly related to hepatic lesions that can- 
not be classified by CT. According to the re- 
cent literature, MRI is then recommended 
as a noninvasive tool in cases where biopsy 
is not advisable [7-9]. 
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Introduction 

Imaging of the gallbladder and biliary tract 
has changed significantly over the past two 
decades due to advances in noninvasive 
imaging, especially through rapid develop- 
ment of modern cross-sectional imaging 
methods such as ultrasonography (US), 
computed tomography (CT), and recently 
magnetic resonance (MR) tomography. 

Multidimensional imaging with near 
isotropic voxel, fewer artifacts, and a 
mean acquisition time of generally less 
than 20 s per series, which is compatible 
with breath hold techniques, provides 
exquisite anatomic data to the referring 
physician, pushing multidetector CT di- 
agnostics into the center of the cross-sec- 
tional diagnostic tools of the radiologist 
together with US. 

Indications 

Indications for CT imaging in patients sus- 
pected of diseases of the biliary tract con- 
sist of: 

1. Detection of level and cause of biliary 
obstruction in patients with jaundice. 

2. Diagnosis of acute cholangitis and liver 
abscess. 

3. Imaging of sclerosing cholangitis. 

4. Detection of benign and malignant tu- 
mors of the biliary tract (adenomatous 
polyps, adenomyomatosis, biliary cyst- 
adenoma, hamartoma, cholangiocarci- 
noma, carcinoma of the gallbladder). 

5. Evaluation of acute gallbladder disease 
(cholecystitis, empyema, Mirizzi syn- 
drome, Bouveret's syndrome) in patients 



who are not suitable (obese, meteorism) 
for US imaging. 
6. Exclusion of extrinsic diseases with in- 
volvement of the biliary system. 

Imaging Protocol 

Immediately prior to scanning, the stom- 
ach and duodenum are distended with 500- 
1000 mL of water to serve as negative con- 
trast to more clearly depict the gastric and 
duodenal walls. The use of high-attenuation 
contrast material should be avoided when 
using CT to evaluate potential biliary tract 
disease, because of related beam-harden- 
ing artifacts. Patients are positioned supine 
on the CT table. Usually, a topogram rang- 
ing from the level of the diaphragm down 
to the pelvic inlet will be performed. Scan 
parameters are listed in Table 28.1. Initial 
noncontrast scans are obtained of the up- 
per abdomen to delineate the target volume 
to be scanned. Following rapid injection of 
120-150 mL of nonionic contrast delivered 
via a power injector at 3-4 mL/s, the entire 
upper abdomen, including the liver and 
pancreas is scanned during a single breath 
hold at 0.7-1.00 mm following a 40-s injec- 
tor delay. The late arterial injection is also 
valuable to detect subtle density changes 
in the liver parenchyma induced by perfu- 
sion abnormalities or mass effect. The liver 
portal vasculature is also more clearly de- 
picted during this phase of scanning. Fol- 
lowing late arterial-phase acquisition, ve- 
nous-phase scanning is performed with a 
single breath hold at 70 s after the onset of 
IV bolus. This phase is essential to confirm 
liver metastases, portal vein occlusion, or 
diagnose primaries arising from the bili- 
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Table 28.1. Scanning parameters for abdominal imaging 


for three different MDCT scanners 








4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


J 




Scanner settings 




Tubevoltage(kV) 


120 


120 


120 






Tube current time product (mAs) 


250-300 


250-300 


230-260 






Pitch corrected tube current time 
product (eff. mAs) 


380-400 


380-400 


400-450 






Collimation (mm) 


1/2.5 


1.25/1.5 


0.6/0.625 







Norm, pitch 


0.65-0.75 


0.65-0.75 


0.57 






Reconstr. increment (mm) 


3 


3, 

for recons 1 


for recons 0.6 






Reconstr.-slice thickness (mm) 


3-5 


3-5, for recons 
1.5-2 


3-5, 

for recons 

0.75-1.5 






Convolution kernel 


Standard 


Standard 


Standard 


I 




Scan range 


Diaphragm/ 
pelvic inlet 


Diaphragm/ 
pelvic inlet 


Diaphragm/ 
pelvic inlet 






Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 






Contrast material application 












Concentration (mg iodine/mL) 












Mono/Biphasic 


Monophasic/ 
biphasic 


Monophasic/ 
biphasic 


Monophasic/ 
biphasic 






Volume (ml_) 


150 or 100/50 


150 or 100/50 


150 or 100/50 






Injection rate (mL/s) 


4.0 or 4.0/2.5 


4.0 or 4.0/2.5 


4.0 or 4.0/2.5 






Saline chaser (ml_, mL/s) 


30/3.0 


30/3.0 


30/3.0 


\ 




Delay (s) 


40/70, 
eventually +180 


45/70, 
eventually +180 


50/70, 
eventually +180 



ary tract. For detection of cholangiocarci- 
noma, late equilibrium perfusion phase 
(120-180 s) is beneficial. As an adjunct to 
interpretation of axial images alone, a vari- 
ety of CT display techniques have been used 
to depict anatomical relation of pathologic 
changes to the underlying anatomy. These 
include maximum and minimum intensity 
projection, as well as volume-rendered im- 
ages. Maximal intensity projection (MIP) 
images are most useful to display high-at- 
tenuation structures, such as vasculature 
or bile ducts, by CT-chlolangiography. 
Conversely, minimum intensity projection 
images aid in depicting low-attenuation 
structures, such as the bile duct, pancreatic 



duct, and hypoattenuating tumors. Both 
types of image display are often performed 
on a thin "slab" of stacked axial images. In 
addition to these techniques, curved planar 
reformations have proven to be quite useful 
in the display of the biliary system. 



Suggestions 

for Special Investigational Protocols 

Unenhanced CT images increase the con- 
spicuity of many common bile duct or gall- 
bladder stones compared with intravenous 
contrast-enhanced images. They are also 
essential for determining the degree and 
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dynamic of enhancement in inflammatory, 
or tumoral conditions. 

Oral or intravenous administration of 
cholecystographic contrast material en- 
ables optimal visualization of the biliary 
tract in patients with no or mild cholestasis 
(bilirubin <1. 8 g/L). 

Sincalide, a cholecystokinin analogue, 
improves biliary opacification by causing 
contraction of the gallbladder and relax- 
ation of Oddi's sphincter [1,2]. 

Normal Anatomy 

The gallbladder is an oval-shaped organ 
situated in the gallbladder fossa between 
the right and left lobes of the liver. It is 
composed of following anatomical parts: 
fundus, body, neck, and cystic duct. The 
cystic duct joints the common hepatic duct 
to form the common bile duct. Size, form, 
and sometimes even location of the gall- 
bladder can vary substantially. The normal 
wall thickness does not exceed 3 mm. The 
biliary tree is an arborized system consist- 
ing of subsegmental and segmental branch- 
es joining to form the right and left main 
ducts which then run together to form the 
main hepatic duct (MHD). The main he- 
patic duct joins with the cystic duct form- 
ing the main bile duct (MBD), which enters 
the head of the pancreas and then enters the 
duodenum through the sphincter of Oddi. 

Diseases of the Biliary Tract 

Biliary Obstruction 

Imaging biliary obstruction means in the 
first line detection of dilated intra- or ex- 
trahepatic ducts. Intrahepatic duct dila- 
tation is considered when the bile duct 
diameter exceeds 40% of the diameter of 
the adjacent intrahepatic portal vein. The 
diameter of the extrahepatic bile ducts 
should physiologically not exceed 9-10 mm 
on CT. There are several causes for bile 
duct obstruction, the most frequent being 
choledocolithiasis (Fig. 28.1), followed by 
ampullary stenosis, inflammation, and 




Fig. 28.1. 57-year-old male patient complain- 
ing about acute onset of right upper abdominal 
pain. MDCT (4-slice) coronal reformation image 
shows mild distension of the common bile duct 
and pancreatic duct (double duct sign) due to 
calcified stones in both ductal lumina, with ex- 
tension down to the papilla major 



tumor [3]. Determination of the cause and 
level of obstruction are both important 
for guiding further diagnostic and thera- 
peutic intervention (Fig. 28.2a,b). Abrupt 
termination of the bile duct is a cholan- 
giographic sign that has a high correlation 
with malignancy, whereas a gradually ta- 
pering duct generally represents a benign 
process. Although CT is not the method of 
choice to detect stones, it is able in many 
cases to reveal calcified gallbladder and 
duct stones (20% of all biliary stones), or 
even cholesterol stones, which appear of 
low attenuation compared with bile [4]. 
Precious diagnostic tools in detecting low 
attenuation bile duct stones are: the cres- 
cent-shaped bile duct lumen caused by 
contrast between low-attenuation bile and 
partial obstruction of the bile duct through 
slightly different low- attenuating stones; 
the focal-thickened distal common bile 
duct (>2 mm) due to associated inflamma- 
tory stricture; the target sign, representing 
central soft-tissue attenuation surrounded 
by water-attenuation bile, conspicuous es- 
pecially on transaxial images; and the use 
of unenhanced CT with density measure- 
ments along the bile duct, in order to detect 
different intraductal attenuations. 
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Fig. 28.2. 66-year-old male patient with jaundice, following bile duct surgery with hepatojejunal 
anastomosis. External bile drainage was laid intraoperatively. MIP reformation (a), and coronal MPR 
(16-slice MDCT) (b) from intravenous (IV) CT cholangiography shows local anatomy with three dif- 
ferent anastomoses of the anterior and posterior branch of the right bile duct and the left bile duct. 
No opacification of the jejunal loop is seen. Small calcified intrahepatic granulomas are also visible 
{arrowhead) 



Acute cholangitis, or chronic sclerosing 
cholangitis (PSC) are other nontumoral 
causes of bile duct obstruction. CT is in 
both cases indicated in order to demon- 
strate duct-wall thickening and wall en- 
hancement. Acute cholangitis may be com- 
plicated by clustered liver abscesses, which 
are optimally depicted by CT. CT-guidance 
can also help in draining abscesses. In scle- 
rosing cholangitis multifocal strictures 
of both intrahepatic and extrahepatic bile 
ducts lead to typical changes such as "prun- 
ing" (limited duct brunching), "beaded" 
appearance (alternation of strictures and 
dilatation of the bile ducts), and stone for- 
mation. Circular or focal mural thicken- 
ing can help in the differentiation of chol- 
angiocarcinoma (usually >5 mm), which 
is often related to PSC [5]. Particularly in 
these latter two pathological entities, it is 
mandatory to achieve optimal spatial reso- 
lution in order to depict discrete bile duct 
wall changes. While these diseases can also 
be visualized by means of US or MRI, it is 



the isotropic voxel technique that enables 
optimal multiplanar reformats of the bili- 
ary tree with excellent image quality. Using 
oral or intravenous cholecystographic con- 
trast material, an even higher sensitivity of 
CT-diagnosis can be achieved. However, 
MRI remains an equally good diagnostic 
alternative in patients who are compliant. 

Cholangiocarcinoma represents the 
most common tumor of the bile ducts. It 
can be classified as intrahepatic, or ex- 
trahepatic, with the hilar form (Klatskin) 
being most frequent (Fig. 28.3). Different 
growth appearances have been described 
histologically, most of them correlating 
well with the findings on cross-sectional 
imaging. The tumors are of less attenuation 
than liver on unenhanced CT, and do not 
strongly enhance after IV contrast material 
administration. Late enhancement (in the 
late equilibrium phase) is typical. Some- 
times tumors show low attenuation simu- 
lating cystic masses if the tumor produces 
extensive mucin. However, delineation of 
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Fig. 28.3. 77-year-old male patient with known Klatskin tumor complaining about to have fever 
and chills over the last 48 h. Large intrahepatic tumor mass with necrosis and a few intrahepatic 
metastases were already known. The common bile duct was drained using a Teflon catheter. Coronal 
MPR (16-slice MDCT) shows intrahepatic low-attenuated abscesses, with related liver parenchymal 
perfusion abnormalities due to associated intrahepatic portal vein branch thrombosis. Ascites were 
also present around the liver 



Klatskin tumors might sometimes be dif- 
ficult on CT, requiring additional diagnos- 
tic techniques (US, MRI). Also suggestive 
for intrahepatic cholangiocarcinoma are 
the following: atrophy of liver parenchyma 
with retraction of the liver capsule; focal 
bile duct dilatation, peripherally from the 
tumor; altered liver parenchymal perfusion 
by tumor. 



Gallbladder Diseases 

CT plays, admittedly, a minor role in the 
diagnosis of acute cholecystitis because of 
the excellent experience with ultrasound 
diagnosis. There are, however, some known 
limitations with ultrasound, such as obesity 
and meteorism, which make CT valuable, 
particularly for exclusion of severe com- 
plications such as: empyema (CT density 



of the lumen >30 HU), gangrenous chole- 
cystitis (mural necrosis, irregular or absent 
gallbladder wall enhancement, or intralu- 
minal membranes), emphysematous cho- 
lecystitis (intraluminal or intramural air), 
gallbladder perforation (fluid collection 
surrounding the gallbladder) and xantho- 
granulomatous cholecystitis, which should 
be differentiated from tumor (low attenu- 
ation of the gallbladder wall on CT due to 
lipid-laden hystiocytes) [6]. CT also plays 
an important role in the differentiation of 
ordinary gallbladder stones from adeno- 
matous polyps, showing enhancement even 
in tiny adenomas, where perfusion is diffi- 
cult to demonstrate by Doppler. 

Carcinoma of the gallbladder can be cor- 
rectly diagnosed by all cross-sectional im- 
aging methods (CT, US, MRI). However, CT 
is much more comfortable for whole-body 
staging (Fig. 28.4). Other rarer tumors such 
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Fig. 28.4. 64-year-old female patient with gallbladder carcinoma and lymph node metastases. 
Coronal MPR (4-slice MDCT) shows thickening of the gallbladder wall with direct invasion of liver 
parenchyma and multiple liver metastases. Note also lymph node metastases in the liver portal and 
around the pancreas. The liver is low-attenuation due to steatosis hepatis. Good image contrast is 
achieved at the margins of tumor infiltration 



as biliary cystadenoma/cystadenocarcino- 
ma are mainly cystic, sometimes showing 
complex septations and soft-tissue nodu- 
larities. The larger these latter findings, 
the greater the chance of malignancy. Dif- 
ferentiation from hydatid cysts, hematoma, 
and abscesses is usually difficult. However, 
CT, as well as MRI, are able to demonstrate 
minimal enhancement of mural nodules of 
septa making tumor diagnosis more prob- 
able. Especially for exclusion of extraductal 
causes of duct obstruction, for instance by 
pancreas carcinoma invasion of the CBD, it 
is beneficial to perform CT or MRI diagno- 
sis in order to achieve adequate informa- 
tion about tumor extension, vascular inva- 
sion, and to correctly stage the neoplasm 
and evaluate therapy options (Fig. 28.5). 



There are also developmental abnormal- 
ities of the biliary system, which are also 
correctly diagnosed by CT such as: Caroli's 
disease, choledocal cysts, etc. [7]. 

In conclusion, the range of CT indica- 
tions in abdominal diagnostics is widening 
every day, due to improvements in image 
resolution and shortening of acquisition 
times, making it one of the leading inves- 
tigational methods. While in patients with 
acute complaints due to biliary disease US 
diagnosis successfully concurs with CT, the 
latter is more appropriately used for evalu- 
ation in patients with a wider differential 
diagnosis, a known history of chronic bili- 
ary disease, following surgery, or in pa- 
tients with confusing clinical symptoms 
and signs. 
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Fig. 28.5. 70-year-old female patient with jaundice. Coronal MPR (4-slice MDCT) reveals common 
bile duct thickening in the liver portal due to cholangiocarcinoma. Moderate distension of extrahe- 
patic bile duct is seen. Note also ascites probably caused by peritoneal carcinomatosis 
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U.G. Mueller-Lisse and E. Coppenrath 



Indications 



Patient Positioning 



1. Differentiation of indeterminate or sus- 
picious renal masses at IVU or ultra- 
sound (e.g., cystic lesions, tumors, pseu- 
dotumors, calcifications, or arteriove- 
nous malformations). 

2. Oncologic indications, tumor detection 
in malignancies of unknown primary, 
tumor staging, and search for metasta- 
sis, follow-up. 

3. Malignancy as the underlying cause of 
renal or ureteral obstruction. 

4. Infectious disease (e.g., acute and chron- 
ic pyelonephritis, xanthogranulomatous 
pyelonephritis, tuberculosis, renal ab- 
scess). 

5. Renal and ureteral calculus disease. 

6. Renal trauma and macrohematuria. 

7. Other indications (e.g., renal failure 
with hydronephrosis or renal vascular 
disease with ischemia, arterial stenosis, 
or venous thrombosis, and congenital 
anomalies) [1]. 



Patient Preparation 

• Oral (e.g., water, tea) or intravenous (e.g., 
saline solution) hydration to physiologic 
hydration state (not in acute trauma pa- 
tients and acute renal or ureteral colic). 

• Appropriate pain medication in malig- 
nancy, trauma, and calculus disease. 

• Serum creatine and thyroid parameters 
checked and appropriately treated prior 
to i.v. contrast administration. 

• Antecubital intravenous line suitable 
for power injector pump at 2-3 mL/s 
(>20G). 



Supine, head first, arms above head. 

Topogram, Scan Range 

Kidneys and adrenals only: diaphragm to 
iliac crest; caveat: pelvic kidney. 
Entire upper urinary tract: diaphragm to 
symphysis pubis. 

Scan Parameters 

See Table 29.1. Scan series should be select- 
ed according to clinical indication. 

Tips and Tricks 

• Sudden change of urinary tract lumen 
along with wall thickening frequently 
indicates point of lesion [2]. 

• Unenhanced MSCT scans can be reduced 
to 30 mAs per slice to decrease radiation 
exposure (Fig. 29.1) [1,3]. 

• Postcontrast MSCT scans in the excre- 
tory phase (CT urography, CTU) can be 
reduced to 30-50 mAs per slice when 
indication for CTU is to determine ure- 
teral course (Fig. 29.2). 

Comments 

According to statistics from the American 
Cancer Society, renal and urinary tract 
cancers are among the 10 most frequent 
malignancies affecting men and women. 
When tumors extend into the urinary tract, 
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Table 29.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.5 


0.5 


Tube current time product 
(mAs) 


130-340 


130-340 


130-340 


Pitch corrected tube current 
time product (eff mAs) 


150-250, 

Low dose 30-50 


150-250, 

Low dose 30-50 


150-250, 

Low dose 30-50 


Collimation (mm) 




1.25/1.5 


0.6/0.625 


Norm, pitch 




0.9-1.5 


0.9-1.5 


Reconstr. increment (mm) 


3 


3, 

for recons 1 


3- 

for recons 0.6 


Reconstr.-slice thickness (mm) 


3-5 


3-5, 

for recons 1.5-2 


3-5, 

for recons 0.75-1 


Convolution kernel 


Standard 


Standard 


Standard 


Contrast media application 


Concentration (mg iodine/mL) 


300 


300 


300 


Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 


Volume (ml_) 


100-120 


80-110 


80-100 


Injection rate (mL/s) 


2.5-3 


2.5-3 


2.5-3 


Saline chaser (mL, mL/s) 


Optional 


Optional 


Optional 


Delay (s) 


Portal venous 70 

Nephrographic 

80-100 

Excretory 

180-600 


Portal venous 70 

Nephrographic 

80-100 

Excretory 

180-600 


Portal venous 70 

Nephrographic 

80-100 

Excretory 

180-600 



they most frequently present with micro- 
hematuria. While macrohematuria may be 
a sign of urinary tract malignancy, it is also 
associated with urinary calculus disease, 
trauma, arterial, or venous anomalies and 
malformations, and sometimes with in- 
fectious disease of the urinary tract. Cur- 
rently, many renal tumors or tumor-like 
lesions are picked up by ultrasound in ex- 
aminations of the upper abdomen origi- 
nally performed for a different reason. CT 
is frequently applied to characterize and 
differentiate renal or ureteral masses that 
are indeterminate or suspicious at IVU or 
ultrasound [1]. 



Staging 

CT is the imaging modality most frequent- 
ly applied for staging of renal and urinary 
tract malignancies. It is particularly useful 
to determine macroscopic extent of prima- 
ry tumor beyond the confines of the renal 
parenchyma or urinary tract linings, i.e., 
into renal sinus fat, perirenal fat, and peri- 
ureteral or perivesical fat, and into adjacent 
structures (e.g., Gerota's fascia, renal veins, 
inferior vena cava) and organs (e.g., adre- 
nal, uterus, prostate, rectum). Sensitivity 
and specificity vary between approximately 
80 and 100% [1,4,5]. 
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Fig. 29.1. a Nonenhanced CT scan for stone detection (standard dose protocol), b Low-dose CT 
scan for stone detection. Increase of noise, however, does not impede detection 




Fig. 29.2. Excretory phase of CT urography in the low-dose technique 



CT Characteristics of Various Renal 
and Urinary Tract Lesions 

Unenhanced scans of the urinary tract 
demonstrate calcifications within urinary 
calculi, renal cysts, and solid tumors, fat 
within solid tumors (implying angiomyoli- 
poma, since macroscopic fat is exception- 
ally rare in renal cell carcinoma), water or 
urine within cystic lesions and urinoma, 
and extravasated blood in urinary trauma 
(increased density when compared with 
renal parenchyma) [1,3]. Renal arteries 
are best visualized within the first 15-25 s 
after i.v. contrast administration (arte- 
rial phase). However, unless specifically 
requested, renal CT arteriograms are not 



warranted in routine kidney protocols, due 
to the increase in radiation exposure. Dif- 
ferentiation of renal medulla and cortex is 
best in the corticomedullary phase (40-70 s 
after i.v. contrast administration), when the 
cortex shows high attenuation and the me- 
dulla shows low attenuation [1,6]. However, 
renal parenchymal lesions (e.g., cysts, solid 
tumors, abscesses, trauma) are best recog- 
nized and characterized in the portal ve- 
nous (70-80 s after i.v. contrast administra- 
tion), or even better, in the nephrographic 
phase (80-100 s after i.v. contrast admin- 
istration) with its almost even attenuation 
throughout the renal parenchyma [1,4-7]. 

MSCT of lesions arising from or extend- 
ing into the renal calices and pelvis (par- 
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ticularly, urothelial carcinoma or renal 
cell carcinoma) may benefit from strong 
contrast between soft tissue (low attenua- 
tion) and excretory products (high intralu- 
minal attenuation of the urinary tract after 
i.v. contrast administration, with a delay 
of 3-5 min for the renal calices and pelvis, 
5-10 min for the ureters, and 10-20 min for 
the bladder) [1,8]. 

MSCT Compared with 
other Radiologic Modalities 
in Renal and Urinary Lesions 

When compared with magnetic resonance 
imaging (MRI), MSCT has the advantages 
of wider availability, shorter overall imag- 
ing time to complete an examination, and 
lower cost. On the other hand, MRI offers 
a wider range of soft-tissue contrasts, any 
number of sequence repetitions without 
restriction by considerations of radiation 
dose, and imaging in virtually any desired 
plane of view. Detection and staging of re- 
nal tumors is currently estimated to be of 
similar accuracy using MSCT and MRI 
[1,5]. Although less expensive, noninva- 
sive imaging methods such as intravenous 
urography (IVU) and sonography are 
widely available, patients are oftentimes 
referred for definitive evaluation with CT 
when lesions are suspected in other studies. 
Ultrasound is an excellent modality for the 
evaluation of renal parenchyma, but hardly 
capable of demonstrating the ureters in Eu- 
ropean adults. 
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30 Pancreas 

and Retroperitoneal Space 



U. Baum and K. Anders 



Indications 



Patient Positioning 



Pancreas 

• Pancreatic tumors. 

• Pancreatitis. 

• Diffuse pancreatic changes. 

• Pancreatic trauma. 

• Postoperative changes. 



Retroperitoneal Space 

• Inflammation and abscess. 

• Hematoma. 

• Urinoma, cysts, lymphocele. 

• Retroperitoneal tumors. 

Patient Preparation 

Oral Contrast 

• Retroperitoneum, pancreatitis: 

1200 mL positive oral contrast, e.g., di- 
luted iodinated contrast agent 

• Pancreatic tumor: 

800 mL negative oral contrast, e.g., wa- 
ter, 15-20 min prior to the examination. 
Additional 300-500 mL given immedi- 
ately before the scan, afterwards the pa- 
tient has to rest in right lateral position 
(on the scanner table) for about 5 min 
to ensure sufficient filling of the duode- 
num. 



Spasmolytic Drug 

• 20-40 mg N-butyscopalamine i.v. or 
1 mg glucagon i.v. 



• Prior to the scan, rest in right lateral po- 
sition for 5 min for patients with pancre- 
atic tumors. 

• Supine position during the scan. 

Topogram/Scan Range 

Topogram 

• See Fig. 30.1. 

• a.p.; complete abdomen. 



Scan Range 

• For indications of the different contrast 
medium phases, see Table 30.1. 

• Precontrast scan: upper/whole abdo- 
men. 

• Late arterial phase (pancreatic paren- 
chyma phase): upper abdomen. 

• Portalvenous phase: whole abdomen. 

Scan Parameters 

See Table 30.2. 



Tips and Tricks 

• Advantages of negative oral contrast me- 
dia are: better delineation of the duode- 
nal wall, with the possibility to perform 
CT angiography without beam harden- 
ing artifacts caused by bowel contrast, as 
well as facilitating the detection of cal- 
cifications. 
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Table 30.1. Indications for the different contrast medium phases 



Precontrast Early arterial Pancreatic 
phase phase 




Portalvenous 
phase 



ous 



Pancreas 
Pancreatitis 
Pancreatic tumoi 
Islet cell tumors 



Diffuse pancreatic 
changes 

Trauma/postoperativi 
changes 

Retroperitoneum 

Inflammation, abscess 

Hematoma 

Urinoma, cyst, 
lymphocele 

Retroperitoneal tumors 






Fig. 30.1. Topogram with scan ranges. First 
scan (upper abdomen) during pancreatic paren- 
chyma phase (scan delay: 35 s) with caudocrani- 
al scan direction. Second scan (whole abdomen) 
during portalvenous phase in craniocaudal scan 
direction 



• Advantages of positive oral contrast me- 
dia are: better delineation of abscesses, 
peripancreatic fluid collections, and 
pseudocysts. 



• Detection of vascular infiltration: thin 
(2-mm) slices oblique coronal and 
oblique sagittal following the course of 
the vessels. 

• An additional delayed scan 5-10 min 
after contrast injection should be per- 
formed in cases of suspected injury of 
the urinary tract. 

CT Findings 
Pancreas 

Pancreatitis: Different Forms 

In edematous or interstitial pancreatitis 
the CT appearance is characterized by an 
enlarged organ with decreased attenuation, 
blurring of the margins and thickening the 
Gerota's fascia, but with no perfusion de- 
fects. In the case of serous exsudative pan- 
creatitis, CT exhibits fluid collections with- 
out a defined wall and peripancreatic fat 
necrosis, but no perfusion defects. Severe 
acute pancreatitis (extensive pancreatitis 
or fluid collections pancreatitis) is char- 



30 Pancreas and Retroperitoneal Space 



219 



Table 30.2. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.5 




Tube current time product (mAs) 


130-340* 


130-340* 


130-340* 




Pitch corrected tube current time 
product (eff. mAs) 


165-240 


165-240 


165-240 




Collimation (mm) 


Arterial 1/1.25 
Portalvenous 
2.5 


0.625/0.75 
1.25/1.5 


0.6/0.625 
1.2/1.25 




Norm, pitch 


0.8-1.4 


0.8-1.4 


0.8-1.4 




Reconstruction increment (mm) 


60-100% of slice 
thickness 


60-100% of slice 
thickness 


60-1 00% of slice 
thickness 


Reconstr.-slice thickness (mm) 


Arterial 3 
Portalvenous 5 
For recons.: 1.25 


Arterial 3 
Portalvenous 
5 mm 
For recons.: 1 


Arterial 3 
Portalvenous 5 
For recons.: 0.75 


Convolution kernel 


Soft/standard 


Soft/standard 


Soft/standard 




Scan range 


Arterial pan- 
creas only/ 
venous whole 
abdomen 


Arterial pan- 
creas only/ 
venous whole 
abdomen 


Arterial pan- 
creas only/ 
venous whole 
abdomen 




Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 




Contrast material 


Volume (ml_) 


100-120 


100-120 


100-120 




Injection speed (mL/s) 


4.0 








Saline flush (mL, mL/s) 


30, 4.0 


30, 4.0 


30, 4.0 




Delay arterial (s) 


35 


35 


40 




Delay portalvenous (s) 


70 









* Adaptation to patient's weight necessary 



acterized by an inhomogeneous, markedly 
enlarged, and poorly demarcated gland. 
Necrotic areas show a lack of enhance- 
ment of the parenchyma following contrast 
injection (Fig. 30.2). In contrast, chronic 
pancreatitis is suspected if atrophic paren- 
chyma, calcifications and/or intraductal 
lithiasis is found. 



Pancreatitis: Complications 

Pseudocysts develop in 30% of acute pan- 
creatitis. They are well encapsulated fluid 
collections of variable size with a detectable 
wall of nonepithelized granulation tissue. 
They are found intra- or extrapancreatic, 
calcifications are possible, septations are 
rare. An infected necrosis is suspected if 
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Fig. 30.2. Hemorrhagic necrotizing pancreati- 
tis. The lesion is characterized by an inhomoge- 
neous, markedly enlarged and poorly demarcat- 
ed gland. Necrotic areas show no enhancement 
of the parenchyma 



contrast medium enhancement is observed 
within the necrosis. A pancreatic abscess 
is characterized by liquid formation with 
an irregular rim enhancement and air in- 
clusions. Care must be taken not to miss 
vascular complications that occur in terms 
of pseudoaneurysms or thrombotic occlu- 



Pancreatic Tumors: Cystic 

Dysontogentic pancreatic cysts are typi- 
cally sharply circumscribed, round or oval 
and without a visible wall. The appearance 
of pancreatic pseudocysts are described 
above. In microcystic serous adenoma the 
typical findings are multiple (>6) small 
cysts, 1-20 mm in size with serous fluid, hy- 
pervascular septa, multilobulated contour, 
and "sunburst" calcifications (15-40%). 
In contrast, the macrocystic mucinous ad- 
enoma consist of uni- or multilocular cystic 
mass, greater than 20 mm with mucinous 
fluid. They are multiloculated, have hyper- 
attenuating septa (thicker and more irreg- 
ular than of microcystic serous adenoma), 
lie most commonly in the body or tail and 
show peripheral calcifications. Macrocystic 
adenomas represent a premalignant lesion 
and should be resected. The cystadenocari- 
noma is the malignant variant of macrocys- 
tic mucinous adenoma (Fig. 30.3). 

Intraductal papillary mucinous tumors 
(IMPT) show segmental or diffuse dilata- 
tion of the pancreatic duct with or without 
distal parenchymal atrophy, which is the 
typical finding in the main duct type, but 
sometimes intraductal papillae and/or cal- 
cifications can be recognized. A bulging 
papilla is found in 25% of the cases. The 




Fig. 30.3. Pancreatic cystadenocarinoma. Cystic mass with hyperattenuating septa. Dilation of the 
bile duct 
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Fig. 30.3. Pancreatic adenocarcinoma. Inho- 
mogeneous tumor of the pancreatic head with 
infiltration of the peripancreatic fat tissue, but 
without infiltration of the vessels 



branch duct type is usually located in the 
uncinate process and characterized by a 
lobulated mass of clustered small cysts with 
central septations. The criteria of malig- 
nancy are a solid component, the dilatation 
of the pancreatic duct >10 mm, a bulging 
papilla, a diffuse or multifocal involvement, 
and an attenuating intraluminal content. 



Pancreatic Tumors: Solid 

Eighty percent of pancreatic carcinoma 
(adenocarcinoma) occurs in the pancreatic 
head, 15% in the body, and 5% in the tail. 
The typical CT-finding is a hypo- or isoat- 
tenuating mass during arterial phase and 
an isoattenuating lesion during the pre- 
contrast scan and portalvenous phase (Fig. 
30.4). Dilation and abrupt cutoff of the pan- 
creatic duct is found in 50% of the cases. 
In advanced stages, the peripancreatic fat 
planes are obliterated and the peripancre- 
atic vessels are involved. Calcifications are 
rare (<2%). 

Ninety percent of islet cell tumors are 
benign, 75% are hormonogenic. The diam- 
eter is usually smaller than 2 cm. In most 
cases the tumors can only be delineated in 
arterial phase images, calcifications can 
be observed in 20%. Other entities, such 
as solid papillary epithelial tumors, pleo- 
morphic carcinomas, and lymphomas, are 



rare. In metastases the CT-appearance de- 
pends on the vacularization of the primary 
tumors. 



Retroperitoneal Space 

Inflammation, Abscess, Haematoma, 
Urinoma, Cysts, Lymphoceles 

Inflammations of the retroperitoneal space 
appear as an inhomogeneous mass with 
irregular configuration and irregular en- 
hancement patterns. Abscesses are also 
delineable as inhomogeneous mass with an 
irregular configuration and rim enhance- 
ment, but are at times seen with liquid con- 
tent and an air-liquid interface or small 
air/gas bubbles (Fig. 30.5). 

Hematomas are easily seen using CT and 
have a mass appearance of varying size. The 
CT attenuation depends on the age and size 
of the bleeding. Sedimentation is possible. 
Sometimes active bleeding can be demon- 
strated on arterial phase or postcontrast 
scans as a high attenuation zone adjacent to 
a leaking vessel. 

Urinomas present as fluid collection of 
urine within the perirenal fat after inju- 
ries of the urinary tract. Water- equivalent 
density values on precontrast or early CT 
scans, high contrast on late CT scans. True 
cysts of the retroperitoneal space are rare 
and exhibit water attenuation, thin wall, 
and no rim enhancement. Lymphoceles are 
more frequently observed after lymphad- 
enectomy, kidney transplantation or gyne- 
cological surgery. Round or oval masses of 
water density without wall and without rim 
enhancement are seen here. 



Primary Retroperitoneal Tumors 

In retroperitoneal fibrosis a soft-tissue 
mass enveloping the aorta and vena cava is 
seen with an either sharply defined or in- 
distinct margin. The posterior wall of the 
aorta is typically preserved. If a fibrous 
mass with fatty components is detected in 
the pelvis, a pelvic fibrolipomatosis should 
be considered. 
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Fig. 30.5. Retroperitoneal abscess. Irregular enlargement and configuration of the right psoas 
muscle, streaky density changes in the retroperitoneal fat tissue. Air inclusions within the mass as a 
sign of infection 



The most common mass in young chil- 
dren (50% are younger than 1 year, 90% are 
younger than 7 years) is the neuroblastoma. 
This is suspected if an inhomogeneous mass 
in the adrenal bed or paravertebral area, 
including areas of hemorrhage, necrosis, 
and calcifications, is seen. The differential 
diagnosis of the pediatric mass in the ret- 
roperitoneum is the rhabdomyosarcoma, 
featuring an inhomogeneous mass involv- 
ing the urogenital tract or the muscles with 
intralesional hemorrhage and necrosis and 
strong enhancement. 

Other entities include the teratoma with 
an very heterogeneous appearance with 
fat, soft-tissue, bone or teeth; lipoma with 
a well-circumscribed, homogenous mass of 
fat density without any soft tissue and with- 
out any enhancing component; liposar- 
coma, which is the second most common 



primary retroperitoneal tumor in adults, 
and is best described as a lipomatous mass 
with streaky densities, changes within of a 
lipomatous mass and sometimes with solid 
areas. A common lesion of the retroperi- 
toneum is the malignant fibrous histiocy- 
toma, showing an inhomogeneous mass 
with necrotic areas and intense contrast 
enhancement. Secondary retroperitoneal 
tumors, such as lymphadenopathy, must 
also be considered. 



Comparison with other 
Imaging Modalities 

Pancreas 

The value of CT in management of severe 
acute pancreatitis is well established [1,2]. 
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Magnetic resonance tomography has been 
shown to be as effective as CT in demon- 
strating the presence and extent of pancre- 
atic necrosis and fluid collections. Both CT 
and MRI can be used to diagnose advanced 
chronic pancreatitis. But both have limita- 
tions in the recognition of earliest changes 
of chronic pancreatitis. For earliest chang- 
es, ERCP and pancreatic function tests re- 
main more sensitive than CT and/or MRI 
(including MRCP). 

With multislice CT it is possible to de- 
tect the pancreatic tumors and to provide 
information about the resectability of a tu- 
mor. Multiplanar reconstructions are very 
helpful to detect or to exclude vascular in- 
filtration. The major limitation of CT is the 
poor sensitivity for detecting lymph node 
involvement. In different studies, the val- 
ue of the different imaging modalities has 
been discussed. Soriano et al. [6] reported a 
prospective preoperative study comparing 
endoscopic ultrasonography, helical com- 
puted tomography, magnetic resonance im- 
aging, and angiography. In this study spiral 
CT and endoscopic ultrasonography are the 
most useful individual imaging techniques 
in the staging of pancreatic cancer. Thus, 
helical CT as an initial test and EUS as a 
confirmatory technique seems to be the 
most reliable and cost-minimizing strategy 
[3-5]. 



Retroperitoneal Space 

MSCT provides reliable imaging of the 
organs in the retroperitoneal space unaf- 



fected by bowel gas and also allows delinea- 
tion of the facial planes and retroperitoneal 
compartments in arbitrary planes, making 
it an ideal tool for assessment of retroperi- 
toneal disease. Ultrasonography is limited 
by a variety of patient-dependent, not to 
mention investigator-dependent, factors. 
In clinically stable patients MRI may be a 
useful modality for providing helpful and 
additional information in characterizing 
retroperitoneal abnormalities [1]. 
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Indications 

• Small bowel: tumors, bleeding, isch- 
emia. 

• Large bowel: bleeding, ischemia, diver- 
ticulitis. 



Patient Preparation, Patient Positioning, 
Topogram/Scan Range 

Do not use positive oral contrast. Instead 
have the patients drink 1.5 L water (the last 
300-500 mL immediately before scanning 
on the CT table). 

Bowel relaxation may achieve better im- 
age quality (e.g., 40 mg of Hyoscine-N-bu- 
tylbromide (Buscopan, Boehringer Ingel- 
heim, Germany) administered by i.v.). 

Additional water is administered 
through a rectal enema tube immediately 
before examination for suspected colon pa- 
thology, e.g., diverticulitis (especially fistu- 
lae) (Fig. 31.1). 

Supine scan position (arms elevated, feet 
first). 

Scan from xyphoid through pubic sym- 
physis. 

Table Scan Parameter 

See Table 31.1 (the given values are exam- 
ples). 

Tips and Tricks 

The question of whether to use positive or 
negative contrast material for bowel disten- 




Fig. 31.1. Coronal reformation of venous phase 
scan depicting sigma diverticulitis 



tion for MDCT of the gastrointestinal tract 
remains controversial. Some authors argue 
that positive contrast material is definitely 
indicated in cases of bowel obstruction and 
is also probably more advantageous for the 
delineation of the inner bowel wall layers in 
the case of pronounced hypoattenuation of 
the bowel wall. Water is probably more ad- 
vantageous when assessing abnormal bow- 
el wall enhancement in cases with absent or 
minor bowel wall thickening, especially if 
CT angiography is performed simultane- 
ously [1]. We continuously achieve excel- 
lent results using water only. 

In selected cases, modifying the protocol 
to perform a CT enteroclysis might improve 
sensitivity and specificity in depicting small 
bowel tumors or inflammatory changes, 
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Table 31.1. Scan parameters for gastrointestinal tract MD-CT 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanning parameters unenhanced/arterial venous 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.375-0.5 


0.33-0.5 


Tube current (mAs) 


200 


200 


200 


Pitch corrected Tube current 
time product (eff. mAs) 


220 


160-200 


220-240 


Slice collimation (mm) 


5 
5 


1.5 

0.75 

0.75 


1.25 

0.625 

1.25 


Norm, pitch 


0.9 
0.9 


1.3 
1.0 
1.0 


0.9 
0.8 
0.8 


Reconstruction increment (mm) 


6.5 
3.2 


5 
1 
1.5 


1.5 
0.4 


Reconstruction thickness (mm) 


6.5 
6.5 


2.5 

2 

3 


0.8 


Contrast material: indication (arterial and venous ph 


ase) 




Volume (mL) 
300 mg 1/mL 
400mgl/ml_ 


130 
90 


90 


90 


Injection speed (mL/s) 


m 


3.5 


3.5 


Saline flush (mL, mL/s) 


40 


30 
3.5 


3.5 


Delay arterial (s) 




30 

(bolus track 

preferred) 


30 

(bolus track 

preferred) 


Delay venous (s) 


80 


80 


80 


Contrast material: indication (single acquisition; venous phase only) 


Volume (mL) 


110 


90 


90 


Injection speed (mL/s) 3 3 3 


Saline flush (mL, mL/s) 


40 
3 


30 
3 


30 
3 


Delay (s) 


60-80 


60-80 


60-80 



such as in Crohn's disease [2]. Position an 
8F nasojejunal tube into the duodenojeju- 
nal junction under fluoroscopic guidance. 
Infuse up to 2000 mL water at room tem- 
perature with a pressure-controlled pump 
at a rate of 150-200 mL/min. 



Tumors 

The most common gastrointestinal mesen- 
chymal tumor is the gastrointestinal stro- 
mal tumor (GIST, synonyms: leiomyoma or 
leiomyosarcoma). GISTs maybe found any- 
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Fig. 31.2. Axial (a) and coronal (b) view depict- 
ing hypervasular gastrointestinal stromal tumor 
originating from proximal jejunum 



where in the GI tract, although the stom- 
ach is the most common site. MDCT may 
show hypervascular submucosal masses 
(Fig. 31.2). 



GI Bleeding 

Acute gastrointestinal (GI) bleeding is 
common with patients presenting with 
melena, hematemesis, or hematochezia. In 
addition to the established initial workup 
(endoscopy and barium studies), MDCT 
is beginning to establish itself for this in- 
dication (Fig. 31.3). It may be especially 
helpful in the workup of obscure bleeding 
(a recurrent bleeding in which no definite 



Fig. 31.3. Axial CT (a) and coronal MIP (b) re- 
vealing active hemorrhage from angiodysplasia 
in the ascending colon 



source has been identified through rou- 
tine diagnostic examinations). Miller and 
coworkers reported their findings in 2004 
using contrast-enhanced MDCT with wa- 
ter as an oral contrast agent to detect GI 
bleeding due to a number of etiologies [3]. 
Tew and coworkers even proposed MDCT 
as an alternative to first-line investigation 
to locate lower gastrointestinal bleeding 
before placing the patient under observa- 
tion, performing embolization, or surgery 
[4]. 

Kuhle and Shiman experimentally de- 
termined that (conservatively) helical CT 
has the potential to depict active colonic 
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Fig. 31.4. Axial (a) and sagittal (b) view depict- 
ing thrombosis of superior mesenteric artery 



hemorrhage at rates of 0.5 mL/min or even 
less [5]. 



Mesenteric Ischemia 

Another relatively rare but important cause 
for acute abdominal pain is mesenteric 
ischemia. It may be caused by many con- 



ditions and may mimic various intestinal 
diseases. Bowel ischemia severity ranges 
from transient superficial changes of the 
intestinal mucosa to life-threatening trans- 
mural bowel wall necrosis. CT can demon- 
strate changes in ischemic bowel segments 
accurately, is often helpful in determining 
the primary cause of ischemia, and can 
demonstrate important coexistent findings 
or complications [1]. In a study by Taourel, 
each of the following findings had a speci- 
ficity of more than 95% and a sensitivity 
of less than 30% for the diagnosis of acute 
mesenteric ischemia: arterial or venous 
thrombosis (Fig. 31.4), intramural gas, 
portalvenous gas, focal lack of bowel-wall 
enhancement, and liver or splenic infarcts 
[6]. When CT was used in the diagnosis of 
suspected acute mesenteric ischemia, the 
detection of at least one of these signs re- 
sulted in a sensitivity of 64% at a specificity 
of 92%. 
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Indications 



Scan Parameters 



• The main clinical indication is the de- 
tection of colon polyps and tumorous 
lesions. 

• Additional examination after incom- 
plete colonoscopy. 

Patient Preparation, 
Patient Positioning, 
Topogram/Scan Range 

The most important prerequisite for suc- 
cessful CT colonography is a clean colon! 
Many different cleansing strategies obtain 
this goal. One example is described below 
in Tips and Tricks. 

Bowel relaxation before rectal air insuf- 
flation achieves better pneumocolon (e.g., 
40 mg of Hyoscine-N-butylbromide (Bus- 
copan; Boehringer Ingelheim, Germany) 
administered by i.v.). 

Room air (alternatively C0 2 ) is care- 
fully insufflated through a rectal enema 
tube, e.g., using a manual balloon pump. 
The rectal balloon of the enema catheter 
is blocked to prevent air leakage. Filling 
is stopped when the patient expresses dis- 
comfort. Some centers use C0 2 for bowel 
distention. Since C0 2 is resorbed, it seems 
more comfortable for the patient in the 
time following the examination. However, 
a dedicated device for the insufflation of 
C0 2 is necessary. 

Two scans are required: supine and 
prone positions (arms elevated, feet first). 

Scan from xyphoid through pubic sym- 
physis. 



See Table 32.1 (the given values are exam- 
ples). 

Tips and Tricks 

Bowel cleansing is important (Fig. 32.1)! 
The following is just one example for prep- 
aration; note that many different protocols 
may work. 

Start two days prior to the examination 
with 10 mg of the suppository Bisacodyl 
(Laxbene, Merckel GmbH, Blaubeuren, 
Germany) followed by 5 mg of Bisacodyl the 
day before examination. From then on pa- 
tients should drink one glass of fluids (cof- 
fee, tea, soup, etc.) every hour. At noon the 
day before CT colonography another 5 mg 
of Bisacodyl is taken and patients drink a 
glass of water every hour. Finally 1 L of poly- 
ethylene-glycol-based electrolyte solution 
(Delcoprep, DeltaSelect GmbH, Pfullingen, 
Germany) consisting of Na + (125 mmol/L), 
K + (10 mmol/L), CI" (35 mmol/L), HC0 3 " 
(20 mmol/L), S0 4 " (40 mmol/L) is taken 
orally 2.5 h prior to the examination. 

Use the CT scout to evaluate air fill- 
ing and proper distension of the colon. If 
pneumocolon seems insufficient, insufflate 
more air and obtain another CT scout. 

Some prefer to do a quick analysis of the 
first scan using the axial source images and 
perform the second scan contrast enhanced 
if a suspect lesion is found. 

In order to maintain a sufficient pneu- 
mocolon, we routinely administer more 
room air through the rectal tube after the 
patient has turned from supine to prone po- 
sition before the second scan. 
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Table 32.1 . Scan parameters for CT colonography 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanning parameters 


Tube voltage (kV) 


120 


120 


120 




Rotation time (s) 


0.5 


0.5 


0.5 




Tube current time product (mAs) 


150-225 


150-225 


150-225 




Pitch corrected tube current time 
product (eff. mAs) 


120-150 


120-150 


120-150 




Slice collimation (mm) 


2.5 


0.625/0.75 


0.6/0.625 




Norm, pitch 


1.25-1.5 


1.25-1.5 


1.25-1.5 




Reconstruction increment (mm) 


1.5 


0.5 


0.5 




Reconstruction thickness (mm) 


^| 




0.75-1 




Contrast material: indication 


Unenhanced 


Unenhanced 


Unenhanced 




Fig. 32.1. Comparison of excellent bowel cleansing and sufficient pneumocolon (a) with unsatis- 
factory bowel cleansing (b) which renders sufficient pneumocolon and corresponding evaluation 
impossible 



Image analysis: it should be noted that 
different vendors offer different fully au- 
tomatic or semiautomatic analysis tools 
with FDA approval. However, one should 
not completely rely on these automatically 
computed results, but use axial and MPR 
reconstructions to verify the findings. 

Virtual colonography was first described 
by Vining in 1994 [1]. The basic procedure 
has remained unchanged over the last 10 



years (bowel cleaning, bowel distension, 
fast helical-CT, 2D and 3D postprocessing). 
The term CT colonography is preferred 
over virtual colonography [2] . Scanning pa- 
tients in both the prone and supine position 
increases the sensitivity of polyp detection 
significantly [3]. 

The clinical background behind polyp 
screening is the well-known adenoma-car- 
cinoma sequence. Polyps of more than 1 cm 
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in size have a 10% risk over 10 years and of 
25% risk over 20 years of becoming carci- 
nomas [4]. 

Pickhardt and coworkers published the 
largest clinical study on CT colonography 
in 2003 [5]. A group of 1233 patients from 
three centers were examined with both 
CT colonography (slice thickness 1.5 or 
2.5 mm) and conventional colonoscopy 
the same day. CT colonography was evalu- 
ated using 2D and 3D postprocessing. The 
authors calculated a sensitivity for the de- 
tection of polyps >10 mm in size of 93.8% 
(> 8 mm: 93.3%; >6 mm: 88.7%) and con- 
cluded that CT colonography with the use 
of a three-dimensional approach is an ac- 
curate screening method for the detection 
of colorectal neoplasia in asymptomatic 
average risk adults. 

Dose issues are especially important in 
screening an asymptomatic population. 
One option to reduce dose is to scan either 
the prone or supine position with a reduced 
tube current, e.g., 50 mAs. Some authors are 
suggesting that even ultra-low-dose proto- 
cols with 10 mAs and an effective dose of 
less than 1 mSv are feasible [6]. 

Despite the excellent data presented by 
Pickhardt, it is still unclear whether CT 
colonography will establish itself for rou- 
tine polyp screening; controversial data 
on this subject is still being published. In 
a recent study, Rockey and coworkers com- 
pared air contrast barium enema (ACBE), 
CT colonography (CTC), and colonoscopy 
in 614 patients and found that on a per- 
patient basis, for lesions 10 mm or larger 
in size (n=63), the sensitivity of ACBE 
was 48%, CTC 59%, and colonoscopy 98% 
(p<0.0001 for colonoscopy vs. CTC) [7]. 
The specificity was greater for colonoscopy 
(0.996) than for either ACBE (0.90) or CTC 
(0.96) as well and declined even further for 
ACBE and CTC when smaller lesions were 
considered. 

Despite these studies, it is yet to be seen 
if CT colonography will really become a 
widespread clinically accepted alternative 
to conventional colonoscopy (Fig. 32.2). 




Fig. 32.2. Comparison of MPR (a), 3D virtual en- 
doscopic (b) and real colonoscopic view (c) of a 
small polyp in the distal descending colon 
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Indications 

• Acute trauma. 

• Posttraumatic follow-up (recalcification, 
pseudarthosis, intraarticular bodies). 

• Inflammatory disease (chronic osteo- 
myelitis, sequestration, fistulae). 

• Soft tissue complications (fistulae, ab- 
scess, calcifications). 

• Spine: vertebral disc protrusion and her- 
niation, spondylolisthesis, arthrosis. 

• Arthrography (capsular or cartilage 
damage). 

• Congenital deformities. 

• Bone and soft tissue tumors. 

• MR contraindications. 



Patient Preparation 

No special preparation necessary; i.v. ac- 
cess if CM administration needed. 



Patient Positioning 

Depending on pathology and/or anatomi- 
cal site, see comments. 



Topogram/Scan Range 

Depending on pathology and/or anatomi- 
cal site, see comments. 



Table Scan Parameter 



• Cervical spine: see Table 33.1. 



• Thoracic and lumbar spine, shoulder, 
and pelvis: see Table 33.2. 

• Extremities, elbow, wrist, hand, knee, 
ankle, and foot: see Table 33.3. 

• Three-dimensional reformations and 
soft tissue diagnosis: see Table 33.4. 

Comments, Tips, and Tricks 

Introduction 

CT is accepted as the imaging modality 
of choice in most skeletal diseases when 
structural or spatial information of the af- 
fected bones and articulations is needed 
[1-3]. A special advantage of CT is its ca- 
pability of a fast whole body examination 
that offers diagnostic information about 
all organ systems. When using the MSCT 
technique for whole-body evaluation, no 
additional CT examination is needed for 
musculoskeletal diagnosis in many cases. 
Specific image datasets that fulfill the re- 
quirements of musculoskeletal diagnosis 
can be calculated out of the primary raw 
dataset. However, best image quality is pro- 
vided by focused musculoskeletal CT when 
optimized parameters are also applied for 
data acquisition. 

Examination range, mAs setting, FOV, 
pitch, the type of image postprocessing 
(e.g., 3D reformations), and the i.v. appli- 
cation of contrast material depend on the 
clinical request. The examination of the ex- 
tremity bones is not explicitly discussed in 
this chapter, but a CT protocol correspond- 
ing to the extremity joints (elbow, wrist, 
knee, and ankle) is recommended for these 
parts of the skeleton. 
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Table 33.1. Scan parameters for cervical spine. A thickness of 2 mm is recommended for standard 
axial slices. Additionally, a thin-slice dataset is calculated as a basis for multiplanar reformations 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanner settings 


Tube voltage (kV) 120 120 120 


Rotation time (s) 


<1 


<1 


<1 


Tube current time product (mAs) 


120-270 


120-360 


120-360 


Pitch corrected tube current time 
product (eff. mAs) 


150-300 


150-300 


150-300 


Collimation (mm) 


1.0-1.5 


0,625-1.0 


0.6-1.0 


Norm, pitch 


0.8-0.9 


0.8-1.2 


0.8-1.2 


Reconstruction increment (mm) 


2.0 

for recons: 0.6 


2.0 

for recons: 0.5 


2.0 

for recons: 0.4 


Reconstruction slice thickness 
(mm) 


2-3 

For recons: 

1.0 


2-3 

For recons: 

0.75-1 


2-3 

For recons: 
0.6-0.75 


Convolution kernel 


Bone + 
standard 


Bone + 
standard 


Bone + 
standard 


Contrast media application 


no 
(facultatively) 


no 
(facultatively) 


no 
(facultatively) 



Table 33.2. Scan parameters for thoracic and lumbar spine, shoulder, and pelvis. A small slice thick- 
ness and pitch is recommended. Increased values may be necessary when a large body range has 
to be examined. 



Scanner-settings 

Tube voltage (kV) 

Rotation time (s) 

Tube current time product (mAs) 

Pitch corrected Tube current 
time product (eff. mAs) 

Collimation (mm) 

Norm. Pitch 

Reconstruction increment (mm 

Reconstruction slice thickness 
(mm) 

Convolution kernel 

Contrast media application 




(facultatively) (facultatively) (facultatively) 
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Table 33.3. Scan parameters for bones and joints of the extremities (elbow, wrist, knee, and ankle). 
A slice thickness of maximum 1 mm is recommended for small bones especially when subtle trauma 
or pseudarthrosis has to be evaluated (reconstructions obligatory in angulated coronal and sagittal 
plane as well as anatomically adapted) 



Parameters 


4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner-settings 


Tube voltage (kV) 


120 


120 






Rotation time (s) 


HH 








Tube current time product 
(mAs) 


30-135 


30-144 


30-144 




Pitch corrected Tube current 
time product (eff. mAs) 


50-150 


50-150 


50-150 




Collimation (mm) 


1.0-1.25 


0.6-0.75 


0.6-0.625 




Norm, pitch 


0.6-0.9 


0.6-1.2 


0.6-1.2 




Reconstruction increment (mm) 


0.6 


0.5 


0.4 




Reconstruction slice thickness 
(mm) 


2 

For recons: 

1.0 


For recons: 
0.75 


For recons: 
0.6 




Convolution kernel 


Bone-high res. 


Bone-high res. 


Bone-high res. 




Contrast media application 


no 
(facultatively) 


no 
(facultatively) 


no 
(facultatively) 





Table 33.4. The calculation of additional image datasets out of the raw data is recommended for 
optimal image quality of multiplanar or 3D reformations and for soft-tissue evaluation 



Parameters 




4-8 slice 
scanners 






10-16 slice 
scanners 


32-64 slice 
scanners 


Specials 


3D reformations 

(SSD, volume rendering) 


Rec. incr.: 
0.6 mm 
Rec. slice th. 
1.0 mm 
Kernel: (me- 
dium) soft 






Rec. incr.: 
0.5 mm 
Rec. slice th.: 
0.75 mm 
Kernel: (me- 
dium) soft 


Rec. incr.: 
0.4 mm 
Rec. slice th.: 
0.6 mm 

Kernel: medium 
(soft) 


Soft tissue 




Rec. incr.: 3-10 mm 
Rec. slice th.: 4-10 mm 
Convolution kernel: soft 





Scan Range 



mAs 



The scan range covers the entire extent of 
disease and also includes a sufficient part 
of nonaffected bone and/or related articula- 
tion to allow for a clear anatomical orienta- 
tion and an appropriate surgical planning. 



A standard or elevated mAs value is recom- 
mended for the evaluation of subtle frac- 
tures, osteoporotic bones, fracture healing, 
or soft tissue pathology. The mAs setting 
(and exposure dose, resp.) may be reduced 
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when the information requested from CT is 
limited to the clarification of a complicated 
spatial position of fracture fragments or 
other bone deformations. 



FOV, Pitch 

The FOV should be set as small as possible 
since a high spatial resolution is crucial in 
skeletal CT. A small pitch factor improves 
the image quality within the z-axis and is 
recommended especially for the diagnosis 
of small anatomical structures. However, 
if a large scan range has to be covered, a 
higher pitch value may be required by the 
CT machine, depending on limitations of 
the heat capacity of the X-ray tube and/or 
the amount of raw data that is accepted for 
image processing. 



MPR, 3D Reformations 

Multiplanar image reformation is a stan- 
dard procedure in skeletal CT. The orienta- 
tion of reformation planes should be ana- 
tomically adjusted in all three dimensions 
by the use of the MPR package of the CT 
software. Sagittal and coronal reformations 
are useful in almost all musculoskeletal ex- 
aminations. Additional axially angulated 
slices can be helpful to achieve anatomi- 
cally adopted images without the need of 
additional CT scans with angulated gan- 
try or an uncomfortable patient position- 
ing. Surface shaded display (SSD) or the 
volume-rendering technique (VRT) enable 
an intuitive understanding of the spatial 
information in trauma patients, congenital 
deformities, arthritis, or for the evaluation 
of posttherapeutic complications [2,4-7]. 



Contrast Material 

The use of i.v. contrast material is indicated 
when bone affections go along with patho- 
logic soft tissue changes, including diffuse 
or circumscript inflammatory disease, liq- 
uid retentions, abscesses, or solid soft-tis- 
sue tumors. For the diagnosis of fistulae 




Fig. 33.1. Lateral topogram of the cervical 
spine. The CT examination of the entire cervical 
spine includes the skull base and the first tho- 
racic vertebral segments 



or sequestration a direct CM injection into 
the cutaneous orifice of the fistula may be 
helpful to depict the localization and the 
extent of disease. In general MRI is the mo- 
dality of choice for the diagnosis of mus- 
culoskeletal soft tissue affections due to 
the superior soft tissue contrast. However, 
musculoskeletal CT should include soft tis- 
sue evaluation with the use of i.v. contrast 
when MRI is contraindicated, useless due 
to metal artifacts, or in cases when CT is 
preferred over MRI for other reasons, such 
as shorter scan time. 

A postmyelographic spinal CT is rec- 
ommended for increased contrast when an 
intraspinal or intradural process, or other 
pathological narrowing of the CSF space is 
suspected. 



Cervical Spine 

Patient position is supine and head first, 
arms parallel to the body, shoulders down, 
using headrest. Remove dental prosthe- 
ses, necklaces, etc. Scanner settings: see 
Table 33.1. 

Orthogonal positioning of the patient's 
head simplifies the image interpretation. 
Sagittal and coronal MPR are obligatory. 
Axially angulated reconstructions perpen- 
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Fig. 33.2. Sagittal reformation of the entire 
vertebral spine (16-row MSCT, 100 mAs, coll. 
0.75 mm, pitch 1 .2, slice thickness 2 mm) 



dicular to the spine are recommended when 
a detailed evaluation of the intervertbral 
discs, the vertebral body, or vertebral arch 
is demanded. Trauma diagnosis includes 
the injured vertebral body (or bodies) as 
well as each noninjured adjacent segment 
cranially and caudally for surgical plan- 
ning (Figs. 33.1 and 33.2). 



Thoracic and Lumbar Spine 

Standard patient position is supine and 
head first, arms elevated, legs elevated for 
comfort. Scanner settings: see Table 33.2. 

A small pitch value (up to 1.0) is rec- 
ommended for short scan ranges (e.g., up 
to three vertebrae) for increased image 
quality. The examination of large spine 
ranges often requires higher pitch values 




Fig. 33.3. Lateral topogram of a patient with 
acute fracture of the twelfth thoracic vertebral 
body. The topogram extends to the sacrum to 
enable an accurate classification of the anatomic 
level. The scan range includes the adjacent non- 
injured vertebral segments for surgical plan- 
ning 




Fig. 33.4. Sagittal reformation shows com- 
pression fracture of the ventral part of the 12th 
vertebral body with involvement of the poste- 
rior surface as a sign of instability (16-row MSCT, 
250 mAs, coll. 0.75 mm, pitch 0.9, slice thickness 
2 mm) 
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Fig. 33.10. Topogram of shoulder CT in acute 
trauma of the proximal humerus. A small field of 
view is recommended for optimal spatial image 
resolution 



(Figs. 33.3 and 33.4). Scan range and MPR: 
see cervical spine. 

Shoulder 

Patient position: supine, head first, arms 
parallel to the body. Keep sufficient dis- 
tance between gantry and shoulder, other- 
wise image quality may be reduced due to 
artifacts. Depending on the size of the pa- 
tient a slightly lateral bending of the chest 
to the opposite side is recommended to in- 
crease the distance between shoulder and 
gantry. Scanner settings: see Table 33.2. 




Fig. 33.11. Standard orientations of multiplanar reformations of the shoulder refer to the position 
of the scapula axis as the anatomical reference structure. Planning of semicoronal slices is shown in 
the left lower quadrant 
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Fig. 33.12. VRT rendering and semicoronal reformation of the right shoulder show a large Bankart 
lesion at the antero-inferior glenoidal rim with displacement (16-row CT, 250 mAs, coll. 0.75 mm, 
pitch 0.9; 3D datasets: slice thickness 0.75 mm, increment 0.5 mm, kernel: medium soft for VRT and 
high for MPR) 




Fig. 33.13. Arthro-CT of the left shoulder. Artic- 
ular capsule distended by air. Articular cartilage 
is delineated by covering of contrast material. 
Rupture and displacement of the anterior la- 
brum (16-row CT, 250 mAs, coll. 0.75 mm, pitch 
0.9, slice thickness 2 mm) 



Scan range includes the acromioclavicu- 
lar joint cranially and the inferior angle of 
the scapula caudally in the case of extended 
scapular trauma. For localized disease (af- 
fection of the humeral head or the glenoid 
process, also standard arthro-CT of the 
shoulder) the caudal extension of the scan 
is limited to the infraglenoid bursa. MPR 
images include semicoronal slices parallel 
to the scapular axis and perpendicularly 
oriented semisagittal slices. Double con- 
trast arthro-CT is indicated for the evalu- 
ation of the glenoid labrum, the glenohu- 
meral ligaments, and the fibrous capsule 
(Figs. 33.10-33.13). 



Elbow 

Patient position: prone, head first. Affected 
arm elevated and the other arm parallel to 
the body. A slight angulation of the elbow is 
recommended to simplify the image inter- 
pretation. Do not angulate the forearm par- 
allel to the gantry, otherwise an increased 
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Fig. 33.8. Topogram for planning elbow CT in a 
patient with chronic osteomyelitis of the humer- 
us and limited mobility of shoulder and elbow 
following complex trauma. Examination range 
depends on the clinical region of interest 




Fig. 33.9. SSD of the elbow in a long term fol- 
low-up after elbow luxation. A central defect 
within the capitulum surface, severe arthrotic 
deformation of the humeroulnar joint and osse- 
ous articular bodies are clearly depicted (16-row 
CT, 90 mAs, coll. 0.75 mm, pitch 0.9; 3D dataset: 
slice thickness 0.75 mm, increment 0.5 mm, ker- 
nel medium soft; SSD threshold 220 HU) 



image noise will reduce the image quality 
notably. Scanner settings: see Table 33.3. 

Sagittal reformations are angulated par- 
allel to the humerus and ulna (and/or radi- 
us, resp.). For coronal images two separate 
image sets are recommended with an ori- 
entation parallel to humerus or parallel to 




Fig. 33.5. AP topogram of the wrist in a patient 
with posttraumatic arthrosis. Scan range in- 
cludes a part of the metacarpal bones and the 
distal radius to allow for the evaluation of the 
entire functional compartment 




Fig. 33.6. Topogram of focused scaphoid bone 
CT with the patient's forearm slightly inclined. 
As a result, the long axis of the scaphoid bone is 
positioned parallel to the scan plane 



the forearm, respectively. 3D reformations 
are often very helpful due to the limited 
anatomical clearness of slice images at the 
elbow (Figs. 33.8 and 33.9). 

Wrist/Hand 

Patient position: prone, head first. Affected 
arm elevated and the other arm parallel to 
the body. For wrist and general hand CT, 
a position of the forearm perpendicular 
to the gantry is recommended to simplify 
the image interpretation. As an exception, 
in scaphoid CT for the diagnosis of acute 
scaphoid fracture or pseudarthosis, a hand 
position with the long axis of the scaphoid 
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Fig. 33.7. Direct high-resolution scan of the 
scaphoid bone (patient position: see Fig. 33.6) 
showing a posttraumatic pseudarthrosis. 16- 
row CT, 90mAs, coll. 0.75 mm, pitch 1.0, slice 
thickness 0.75 mm 



bone adjusted parallel to the scan plane (pa- 
tient position to be verified on topogram), 
a very small FOV (max. 50 mm), an image 
thickness of 1 mm, and a high or ultrahigh 
kernel is recommended to achieve high im- 
age resolution. 

In addition to coronal and/or sagit- 
tal reformations 3D images are often very 
helpful to understand the spatial relation- 
ships of bones, fragments, or articulations 
in trauma patients or congenital deformi- 
ties (Figs. 33.5-33.7). 



Fig. 33.14. AP topogram of the pelvis. Scan 
range includes iliac crest and pelvic floor 



ages (Table 33.4) are frequently used to di- 




Fig. 33.15. SSD of a pelvic fracture with in- 
volvement of the left acetabulum (16-row CT, 
250 mAs, coll. 0.75 mm, pitch 1.2) 



Pelvis 

Standard patient position is supine and 
head first, arms elevated. If the examina- 
tion includes hip and femur a feet-first 
position may be necessary, depending on 
the patient size and table movement range. 
Scanner settings: see Table 33.2. 

Axial and coronal reformations are most 
advantageous. In trauma patients sagittal 
reformations of the hips, coronary angulat- 
ed reformations of the sacrum and/or the 
femoral neck, and 3D reformations (SSD, 
VRT) are very helpful for surgical planning 
and postoperative follow-up. Soft tissue im- 



agnose hematoma or inflammatory disease 
as a complication of pelvic bone affection 
(Figs. 33.14 and 33.15). 



Knee 

Patient position is supine and feet first. 
Arms may rest parallel to the body. Scan- 
ner settings: see Table 33.3. Examination 
range varies with the extent of disease. A 
conventional radiograph can be helpful for 
planning. An intermediate or low mAs set- 
ting can frequently be applied at knee CT 
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Fig. 33.16. AP topogram of the knee. Scan 
range depends on clinical request. Figure dem- 
onstrates example of a standard (small) range 
and an extended range that was applied in this 
case because posttraumatic sequestration with- 
in the proximal tibia had to be evaluated 




Fig. 33.17. Mediolateral SSD view of a tibial 
depression fracture with displacement of a 
large dorsal fragment (16-row CT, 90 mAs, coll. 
0.75 mm, pitch 0.9; 3D dataset: slice thickness 
0.75 mm, increment 0.5 mm, kernel medium 
soft; SSD threshold 220 HU) 



with the exception of the presence of plaster 
casts or orthopedic metal devices. Coronal, 
sagittal, and 3D reformations are frequently 
more helpful than the primary axial slices 
(Fig. 33.16 and 33.17). 



Ankle/Foot 

Patient position is supine and feet first. To 
simplify the image interpretation a 90-de- 
gree angulation of the ankle is recommend- 
ed and can be achieved by using a wood 
block and fixation of the feet. Scanner set- 
tings: see Table 33.3. 




Fig. 33.18. Lateral topogram of the ankle and 
foot. Foot positioning is supported by a wooden 
block. Scan range depends on clinical request 
and includes the ankle and the tarsal bones in 
this case 




Fig. 33.19. Fracture at the dorsal surface of the 
navicular bone. Sagittal reformation (16-row CT, 
90 mAs, coll. 0.75 mm, pitch 0.9, slice thickness 
2 mm) 
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Sagittal and coronal reformations are 
recommended as a standard in evaluating 
the ankle and the bones of the foot. 3D ref- 
ormations are also very helpful due to the 
complex three-dimensional relationship of 
pathologic findings to the anatomical struc- 
tures and may also be used to diagnose soft 
tissue involvement (Figs. 33.18-33.19). 
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Indications 

Rapid assessment of patients with major 
trauma and suspected life-threatening inju- 
ries. When attempting to rationale the most 
appropriate examining strategy, please re- 
fer to the text below. The following chapter 
will include discussion of: 

• Minor and blunt chest trauma; 

• Minor and blunt abdominal trauma; 

• Head trauma; 

• Spinal trauma; 

• Penetrating trauma. 

Patient Preparation 

I.v. access, supine position. Topogram/scan 
range: apex of the lungs to symphysis pu- 
bis, extend to upper thigh when major in- 
jury with vascular complication or perfora- 
tion is suspected. Include skull and cervical 
spine when appropriate (Fig. 34.1). 

Table Scan Parameters 

See Table 34.1. 



Tips and Tricks 

• Even though time is critical, obtain as 
much clinical information as possible. 
The scanning protocol can be adjusted 
accordingly. 

• Make sure i.v.-access is sufficiently pat- 
ent; an 18-G needle or larger is desirable 
for all arterial scanning protocols. 




Fig. 34.1. Topogram, a Arms above the head. 
Scan range apex of lungs to symphysis pubis. 
One single spiral contains all compartments of 
abdomen and thorax for blunt chest and tho- 
racic trauma, b Lateral topogram for head scan 
containing the cervical spine. Arms are parallel 
to body 
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Table 34.1. Scan parameters 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 




Scanner settings 


Spirals 3 


Single spiral/ 
(postscan) 


Thorax/ 

abdo+pelvis/ 

(postscan) 


Thorax/ 

abdo+pelvis/ 

(postscan) 




Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 




Tube voltage (kV) 


140 b 


120 


120 




Tube current time product (mAs) 


125-170 b 


170-200 


170-200 




Pitch corrected tube current time 
product (eff. mAs) 


90-120 


120-140 


120-140 




Collimation (mm) 


1.0,2.5 


0.75,1.5 


0.6,1.2 




Norm, pitch 


1.4 


1.4 


1.4 




Rotation time (s) 0.5 0.5 0.33 


Reconstruction 


Slice thickness (mm) 


1.25/5 


1.0/5 


-/5 C 




Increment (mm) 


1.0/5 


0.8/5 


-/5 C 




Convolution kernel 


standard/bone 


standard/bone 


standard/bone 


Secondary reconstructions 


MPR spine 2/2 


MPR spine 2/2 


MPR spine 2/2 




Specials 




Bolus 
triggering 01 


Bolus 
triggering d 




l.v. contrast (monophasic) 


Amount (ml_) 


120-150 


120-150 


120-150 




Injection rate (mL/s) 


2.0-3.0 


2.0-3.0 


2.0-3.0 




Saline chaser (mL, mL/s) 


60/2.0-3.0 


60/2.0-3.0 


80/2.0-3.0 




Delay (s) 


35 periph. (30 
central) 


Bolus trig- 
gered^ 


Bolus trig- 
gered^ 





a If there is suspicion of injuries to the head or neck, a native CT scan will be done first. For proto- 
cols, see the respective chapters. In severe abdominal trauma a delayer scan (postscan) of the 
abdomen and pelvis at 3-5 minutes to exclude damage to the urinary tract should be done. 

b Tube current of 4-slice scanners may be limited after preceding scans of head and neck. In- 
crease of voltage improves image quality. 

c Coronal and sagittal reconstructions should be performed, either from thin axial slices or di- 
rectly from the raw data if possible. 

d Premonitoring scan (20 mAs), place ROI in aortic arch, set triggering at 100 HU, check at 1.5 s 
intervals. 



Secure all cables and tubing, especially 
the respiratory tube, before scanning 
since a high table feed will occur. 
Allow sufficient length of all lines, tubes, 
and cables for table movement during 
scanning. 



Rationale 

Not every patient arriving in the emergency 
room is always a poly-traumatized patient 
requiring a total body scan. Since the true 
condition of the patient it is not always clear 



34 Trauma Imaging 



before scanning the patient, some rationale 
should be given to choose the appropriate 
examining strategy. By the same token, if 
there is any doubt, it is rather advised to 
examine too much than not enough. Some 
clinical conditions require a rapid diagno- 
sis to facilitate immediate treatment after 
arrival to the emergency department to 
achieve a favorable clinical outcome [1]. A 
standardized diagnostic algorithm is very 
helpful, thus even when time is critical, ob- 
tain as much clinical information as pos- 
sible before the scan. The scan protocol can 
be adapted accordingly (e.g., high pitch, 
one spiral only, etc.). 

CT is the most sensitive modality for the 
diagnosis of cerebral, thoracic and abdomi- 
nal injuries at an early clinical stage. Ultra- 
sound is fast and sensitive for diagnosing 
free abdominal fluid, however, it cannot 
rival CT for other acute indications. In tho- 
racic trauma, CT is markedly superior to 
conventional chest radiographs for the de- 
tection of traumatic complications [2]. 

These protocols are intended for the ex- 
amination of patients with major trauma 
and potentially life-threatening injuries of 
one or more organ systems. 

The aim should be to make a state-of- 
the-art examination allowing all diagnoses 
to be made from one examination with no 
need for doing further scans later, e.g., of 
the spine. Therefore, the scan range has to 
cover all possible questions, and the scan- 
ning technique should facilitate adequate 
postprocessing, e.g., sagittal and coronal 
reconstructions. 



Basic Radiological Management 
of Major Trauma Patients 

After the initial clinical assessment and 
stabilization of circulatory functions, a 
focused abdominal US scan is performed 
to detect free fluid and a plain chest film 
(optional) is usually recommended. If pos- 
sible, the next diagnostic step is a contrast- 
enhanced CT-scan providing a comprehen- 
sive assessment of all vital organ systems 
within a short period of time (10-15 min) 
[3,4]. 



Thin collimation with almost isotropic 
resolution permits high-quality multipla- 
nar reconstructions (MPR) making con- 
ventional radiographs largely redundant 
in this scenario. A short acquisition time 
reduces respiratory and gross movement 
artifacts. The proposed protocols are in- 
tended for the examination of patients with 
major trauma and potentially life-threaten- 
ing injuries of one or more organ systems. 
The aim should be to make a state-of-the- 
art examination allowing a comprehensive 
diagnosis to be made from one examina- 
tion with no need for repeat scans, e.g., of 
the spine, afterwards [5]. 

Exam Strategies 

Minor and Blunt Chest Trauma 

If the mechanism of trauma can be suffi- 
ciently assessed to be limited to the thorax 
and at the same time plain chest films can- 
not rule out fractures or vascular injuries, 
the decision towards a contrast-enhanced 
chest CT should be made. If in doubt as to 
whether possible injury is limited to the 
thorax, extend the investigation to a tho- 
raco-abdominal scan. 

The following pathologies are of primary 
focus: thoracic aortic dissection or rupture, 
intramural hematoma, pneumothorax, 
pleural effusion including hemothorax, 
pericardial effusion including pericardial 
bleeding, parenchymal lung injuries, ster- 
nal and rib fractures, as well as spinal in- 
juries. Also check for position of tubes and 
lines (Fig. 34.2). 



Minor and Blunt Abdominal Trauma 

If the mechanism of trauma can be suffi- 
ciently assessed to be limited to the abdo- 
men and at the same time ultrasound and/ 
or plain films cannot rule out parenchy- 
mal or vascular injury, the indication for 
a contrast enhanced abdominal CT should 
be made. If in doubt as to whether possible 
injury can be limited to the abdomen, ex- 
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Fig. 34.2. Axial reconstructions (5/5). Contusion of the lungs, serial rib fractures, bilateral pneumo- 
thorax with chest drains 



tend the investigation to thoracoabdomi- 
nal scan. 

The following pathologies are of primary 
focus: injuries of the spleen, liver, gallblad- 
der, kidneys, pancreas, bowel, mesentery, 
and diaphragm. Retro- and intraperitoneal 
hemorrhage has to be differentiated from 
other fluids, e.g., urine after intraperitone- 
al bladder rupture (an additional postscan 
can be helpful to identify leaks/injuries 
of the urogenital complex). Sites of active 
arterial bleeding have to be identified us- 
ing an arterial phase. Fractures may also 
be the cause of significant bleeding, e.g., 
pelvic fractures, and should be assessed 
with regard to this. If possible, the source 
of all arterial or venous bleeding should 
be definitively identified. Look for free ab- 
dominal air indicating bowel perforation 
(Fig. 34.3). 



nial pathology, such as haemorrhage, herni- 
ation, or cervical spine injuries. We advise 
the use of an adapted "Canadian CT head 
rule [6,7]" The cervical spine should always 
be included in the scan range when per- 
forming a head CT on a high-risk patient. 

A head scan is absolutely mandatory 
under the following conditions, with major 
head injury defined as: 

• Glasgow Coma Sore 13-15 and obvious 
penetrating skull injury, obvious de- 
pressed fracture or acute focal neuro- 
logical deficit; 

• Glasgow Coma Sore 13-15 and unstable 
vital signs associated with major trau- 
ma or seizure before assessment in the 
emergency department. 

A CT scan may be omitted for a patient pre- 
senting with minimal head injuries defined 



Head Trauma 

There is substantial debate whether a CT 
scan of the head is mandatory in each and 
every case to rule out significant intracra- 



Head trauma, Glasgow Coma Sore 13-15 
with no obvious skull injury, and no wit- 
nessed loss of consciousness, amnesia, 
or disorientation. 
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Fig. 34.3. Aortic dissection (type B) with arterial bleed from descending aorta, hemothorax, serial 
rib fractures 



A CT scan should be performed in patients 
with minor head injury defined as head 
trauma with Glasgow Coma Sore 13-15 
with witnessed loss of consciousness, am- 
nesia, or disorientation, and if at least one 
of the following conditions is additionally 
present: 

• Glasgow Coma Score <15 at 2 h after in- 
jury; 

• Suspected open or depressed skull frac- 
ture; 

• Any sign of basal skull fracture (haemo- 
tympanum, "raccoon" eyes, cerebrospi- 
nal fluid otorrhoea/rhinorrhoea, Battle's 
sign); 

• Vomiting (> two episodes); 

• Age >65 years; 

• Amnesia before impact (>30 min); 

• Dangerous trauma mechanism (pedes- 
trian struck by motor vehicle, occupant 
ejected from motor vehicle, fall from 
height >3 ft or five stairs). 



Spinal Trauma 

The assessment of spinal injuries in blunt 
trauma (head, chest, abdomen or com- 
bined) should always be reconstructed 
from the initial CT data sets. An additional 
or primary, isolated noncontrast enhanced 
scan of the whole spine to solely rule out 
spinal injury is obsolete. 

An exemption of this rule may be an 
isolated trauma, where initial plain films 
cannot safely rule out spinal damage, but a 
contrast enhanced CT scan seems unneces- 
sary. In this case a noncontrast CT scan of 
the spinal region in doubt maybe indicated. 
The second exemption might be an unclear 
pathology seen on the reconstructed im- 
ages from the primary dataset. In this case 
a second high-resolution CT scan of that 
particular region might be indicated. 



Penetrating Trauma 

Always scan the entire compartment, at 
least the entire chest, or entire abdomen; 
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in case of doubt, scan both (see chest and 
abdominal trauma). 

Examination Protocol 

If there is suspicion of head trauma, an 
unenhanced CT-scan of the head will usu- 
ally be done first to exclude intracranial 
intraparenchymal (ICB) or subarachnoi- 
dal (SAH) bleeding, which are otherwise 
not safely detectable. Before the patient is 
moved, attention should next be focused 
on clearing the cervical spine. This can 
be done by a dedicated examination, or by 
reconstructing the spine from a spiral ex- 
amination of the neck vessels. If there is no 
clinical suspicion of injuries to the arms or 
shoulder girdle, both arms can be reposi- 
tioned above the head for the following tho- 
racic and abdominal scans, thus reducing 
artifacts [1]. 

After the injection of i.v.-contrast medi- 
um, scanning of the chest and thorax is rec- 
ommended in the arterial phase, while the 
examination of abdomen and pelvis can be 
recommended in different phases, depend- 
ing on the question asked. Scanning in the 
arterial phase is obligatory if an arterial 
laceration or dissection is suspected. Scan- 
ning in the portalvenous phase ensures op- 
timal contrast for the visualization of the 
parenchymal organs, and helps to exclude 
traumatic laceration of the spleen, the kid- 
neys, or the liver. 

With 16- and 64-row scanners the arte- 
rial spiral can be extended in the caudal 
direction for coverage of the upper legs, if 
required. In severe abdominal trauma, a 
postscan of the abdomen and pelvis to look 
for injuries to the urinary tract should be 
done [1]. However, a prerequisite for a high- 
quality reconstructions (MPR, 3D, VRT) is 
always a narrow collimation. For the diag- 
nosis of fractures to the spine, MPRs (sagit- 
tal/coronal planes) of the thoracic and lum- 
bar spine are used. In pelvic fractures 3D 
reconstructions are helpful to demonstrate 
the extent and position (Fig. 34.4). 

In conclusion, CT is the most sensitive 
and most complete modality for the diag- 




Fig.34.4. MPR (2/2) of the thoracic spine in 
coronal and sagittal planes. Fracture of thoracic 
vertebra 7 and 8 with perivertebral hematoma 
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nosis of cerebral, thoracic, and abdominal 
injuries at an early clinical stage. Ultra- 
sound is fast and sensitive for diagnosing 
free abdominal fluid, but it cannot rival 
CT for other acute indications. In thoracic 
trauma, CT is markedly superior to a con- 
ventional chest X-ray for the detection of 
traumatic complications. 
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35 CT-Guided Abscess Drainage 



A.H. Mahnken 



Introduction 

Percutaneous CT-guided drainage has be- 
come a standard procedure for patients 
with infected or symptomatic fluid collec- 
tions. This technique is not only suited for 
the treatment of abscesses, but all types of 
pathologic fluid collections in nearly every 
organ system including biloma, urinoma, 
hematoma, etc. Although most lesions can 
be approached with ultrasound-guidance, 
CT-guidance is well established for all fluid 
collections and in particular those that are 
not amenable to ultrasound or fluorosco- 
py-guided puncture. In deep pelvic or sub- 
phrenic regions, and especially in the chest, 
CT is often superior to other imaging mo- 
dalities for guiding drainage catheters. As 
percutaneous drainage is a highly effective 
procedure with a low complication rate re- 
quiring only a short hospital stay, this tech- 
nique is preferable to surgical techniques if 
sufficient access to the fluid collection can 
be established. 



Indications 

There is a variety of underlying diseases 
leading to abscesses and other fluid col- 
lections that can occur in all regions of the 
body. Thus, indications for percutaneous 
drainage in general can be classified as fol- 
lows: 

• To obtain a diagnostic sample for mi- 
crobiologic, laboratory, or cytological 
analysis. 

• To drain the fluid from an infectious 
and/or symptomatic lesion. 



• To treat a symptomatic collection by in- 
stilling a sclerotic agent. 

Minimally invasive therapy of abscesses is 
the main reason for percutaneous drainage, 
with abscesses generally requiring a com- 
bination of drainage and antibiotics. Ex- 
ceptions are small abscesses <3 cm, which 
sometimes resolve with antibiotic therapy 
alone [1]. However, the latter often requires 
needle aspiration to obtain material for 
culture. Further important indications for 
drainage include symptomatic fluid col- 
lections causing pain or obstruction of the 
bowel or the ureter. 

There are no absolute contraindications 
to CT-guided drainage as long as there is 
a safe access route to the lesion. Relative 
contraindications for percutaneous drain- 
age include disordered coagulation state 
and inability to cooperate. These problems, 
however, can be managed pharmaceutically 
if necessary. 



Scan Parameters 

See Table 35.1. 

Anatomy and Access Route 

It is sound principle to choose the safest 
and most effective route to the lesion. Any 
noninvolved structure should be avoided. 
Damage to the spleen and the intestines 
in particular must be carefully prevented. 
The pleural recess should be avoided if at 
all possible [2]. The latter, however, is asso- 
ciated with an increased risk for pneumo- 
thorax, pleurisy and pleural empyema. 
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Table 35.1. These scan parameters are applicable for sequential localizer scans. Diagnostic scans, 
as well as abscessograms, should be performed using examination protocols for the corresponding 
anatomic region 



Parameters 


scanners 


scanners 


scanners 




Scanner settings 


Sequential 


Sequential 


Sequential 




Tube voltage (kV) 


120 


120 


120 




Tube current (mAs) 


70-150 


60-120 


40-80 




Collimation (mm) 


2.5 


1.5 


0.6 




Norm, pitch 


n.a. 


n.a. 


n.a. 




Reconstr.-slice thickness (mm) 


2.5 


4.5 


6.0 




Convolution kernel 


standard/ 
soft 


standard/ 
soft 


standard/ 
soft 




Specials 


Use same table 
position 


Use same table 
position 


Use same table 
position 




Realtime imag- 
ing with fluoros- 
copy 


Real time imag- 
ing with fluoros- 
copy 


Real time imag- 
ing with fluoros- 
copy 




Slice combina- 
tion may be 
helpful 


Slice combina- 
tion may be 
helpful 


Slice combina- 
tion maybe 
helpful 




Scan range 


Adapted to the 
skin entry of the 
needle 


Adapted to the 
skin entry of the 
needle 


Adapted to the 
skin entry of the 
needle 


Scan direction 


n.a. 


n.a. 


n.a. 




Contrast media application 










Concentration (mg iodine/ml) 


Mono/Biphasic 


Volume (ml_) 


Injection rate (mL/s) 


Saline chaser (ml_, mL/s) 


Delay (s) 



Upper Abdomen 



The majority of pathologic fluid collections 
can be drained with a reasonably straight- 
forward access (Fig. 35.1). If a lesion can not 
be approached directly without affection of 
noninvolved structures a transhepatic ap- 
proach is considered to be safe. In some cir- 
cumstances a transgastric approach maybe 
considered, although this approach should 
be used for fine needle aspiration biopsy 
only. A transpleural approach for drain- 



age of fluid collections is only acceptable 
if no transabdominal route is available and 
should be absolutely avoided in patients 
suffering from abscess. 



Pelvis 

Pelvic fluid collections are typically ap- 
proached via transabdominal or trans- 
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Fig. 35.1. CT-guided drainage of an infected pancreatic pseudocyst. CT scan after oral and i.v. con- 
trast material shows a hypodense lesion originating from the pancreas with surrounding edema of 
the mesenteric fat (a). After drainage the fluid collection is completely resolved indicating sufficient 
percutaneous drainage (b) 




Fig. 35.2. Both-sided pelvic abscess in a male 43-year-old male patient. Axial CT image obtained 
with oral and intravenous contrast material shows thick-walled abscesses on the left and on the 
right side (a). A 10-F drainage catheter was deployed via a transgluteal approach into the lesions on 
the right side (b). The approach was chosen as close to the sacrum as possible to avoid sciatic nerve 
injury 



Chest 



gluteal access (Fig. 35.2) [3]. However, al- 
ternatives like the transperineal approach 
are available. Transrectal or transvaginal 
access routes are normally used with ultra- 
sound guidance, especially since dedicated 
ultrasound probes are available. 



CT permits access to all thoracic regions 
using a direct approach (Fig. 35.3). How- 
ever, the optimal skin entry point has to be 
chosen to avoid crossing of pleural fissures 
[4], as the latter results in an increased risk 
of pneumothorax. 
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Fig. 35.3. Pleural empyema before (a) and after CT-guided percutaneous drainage (b). The skin 
entry point in the x-y direction was highlighted using radiopaque markers 



Patient Preparation 



Technique 



CT-guided drainage can generally be per- 
formed under local anesthesia. Sometimes, 
however, additional sedation or even general 
anesthesia is needed. Prior to any drainage, 
a preinterventional diagnostic workup with 
up-to-date coagulation status including 
platelet count has to be performed (Quick 
> 50%, pTT < 50 s, platelets > 70,000 uL). 
Warfarin has to be replaced by i.v. Hepa- 
rin. In rare cases, further preinterventional 
workup might be required. Furthermore, 
an intravenous access is mandatory for i.v. 
medication or contrast material applica- 
tion. In suspected infectious collections i.v. 
administration of a broad-spectrum anti- 
biotic is recommended. Administration of 
antibiotics immediately (<1 h) prior to the 
intervention does not interfere with mi- 
crobiologic examination of fluid aspirated 
from the collection [5]. 

Patient positioning is crucial for the suc- 
cess of the puncture. Various positions may 
be necessary, depending on the region of 
the lesion and the approach. The arms (at 
least one) have to be elevated above the head 
to ensure sufficient image quality without 
streak artifacts. In all cases the patient's 
position has to be stable and comfortable, 
as this position has to be preserved during 
the entire procedure. 



A fine needle (19-22G) may be sufficient in 
the case of a diagnostic aspiration biopsy, 
otherwise pigtail- or J-catheters with side 
holes are used. The size of the catheter has 
to be matched to the viscosity of the fluid 
with increasing lumen diameters in more 
viscous fluids. It is essential to place the 
side holes of the catheter inside the lesion, 
especially in abscesses. If not, dispersal of 
infectious or other material (e.g., biliary) to 
other sites of the body will be fostered. 

Basically, there are two different punc- 
ture techniques, the coaxial Seldinger or 
the direct Trocar technique. While op- 
erator preferences are usually a matter of 
personal experience, the Trocar technique 
may be recommended in straightforward 
situations, while the coaxial technique is 
often used in more complex settings to re- 
duce the risk of puncture related compli- 
cations. 



Seldinger Technique 

The coaxial Seldinger technique starts with 
the insertion of a hollow needle into the 
fluid collection. This needle can be used 
for aspiration biopsy. A guide wire is placed 
through the needle and thereafter the needle 
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is withdrawn and a catheter is placed over 
the wire and positioned in the fluid collec- 
tion. Serial dilatation of the puncture tract 
prior to catheter placement is often neces- 
sary. An important advantage of the Seld- 
inger technique is the use of thin needles 
for the first puncture; with a consecutively 
reduced risk of puncture related complica- 
tions. Further, the coaxial technique allows 
one to direct the wire to the exact position 
planned for the catheter deployment. But, 
in comparison to the direct Trocar tech- 
nique, it is more time consuming. 



Trocar Technique 

The direct Trocar technique uses a catheter 
mounted on a sharp Trocar, that is, directly 
placed in the target lesion. This technique is 
easy and fast to handle and holds only little 
risk of dissemination of hazardous mate- 
rial. Potentially painful serial dilatation of 
the puncture tract can be avoided, but this 
technique instantly results in a large punc- 
ture tract and repositioning of the needle 
may be difficult. 

Puncture Procedure 

Ideally, a recent (contrast-enhanced) CT- 
study of the lesion should be made available 
for planning the procedure. In many cases a 
nonenhanced study preceding the puncture 
will be sufficient for evaluation of a safe ac- 
cess. Whenever possible a needle path that 
can be imaged in one plane should be cho- 
sen, as the complexity of the puncture in- 
creases with a double angulated puncture 
path. Gantry tilting may be helpful to find 
an optimal approach without leaving the 
scan plane. Prior to the intervention the 
angle for the puncture, the minimum dis- 
tance to the target and the maximum safe 
distance from the cutaneous entry point 
have to be marked. The entry point of the 
needle is indicated by the laser positioning 
device on the skin, while the location in the 
x-y plane can be determined from anatomi- 
cal landmarks or radiopaque markers at- 
tached to the skin (Fig. 35.3a). 



Two different techniques are available 
for monitoring the intervention and deter- 
mination of the needle position: sequential 
localizer scans or (near) real-time imaging 
with CT fluoroscopy. 



Localization Scans 

While the needle approaches the lesion, 
control scans are required to check the 
catheter position. In general, single scans 
will be sufficient to monitor the exact nee- 
dle position. In more complex situations 
short spirals may be required. Applying 
this imaging technique, MSCT offers the 
advantage of simultaneous acquisition of 
multiple sections within a single scan. This 
allows for direct control if a needle devi- 
ates in a caudal or cranial direction from 
the target. Duration of the procedure will 
be shortened if a foot switch for starting a 
scan and an additional display monitor are 
available in the examination room. 



CT Fluoroscopy 

In contrast to sequential localization scans 
CT fluoroscopy allows for real-time imag- 
ing and therefore continuous needle track- 
ing. However, CT-fluoroscopy results in an 
increased radiation exposure, even if low 
dose settings are used. Thus, this technique 
should only be used in critical phases of a 
procedure. To avoid direct radiation expo- 
sure to the hand of the radiologist, the use 
of special needle holders is advantageous 
[6]. 



Postinterventional Management 

Image documentation has to be performed 
if the drainage is in place, ideally before 
and after aspiration of the fluid. 

After decompression of a fluid collec- 
tion, irrigation is useful in the case of an 
abscess, except for lung abscesses in which 
irrigation is contraindicated. This tech- 
nique effectively liquefies thick debris. It is 
crucial to perform irrigation with lesser vol- 
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Fig. 35.4. 54-year-old male patient with a post- 
surgical pelvic abscess. The abscessogram shows 
contrast material in the abscess as well as in the 
rectum, proving the presence of a fistula 



umes of fluid than previously drained from 
the abscess to avoid intracavitary pressure 
and consecutive bacteremia. Antibiotic 
cover is recommended for this procedure. 
Additional compounds like urokinase or 
N-acetylcystein can be added to the irriga- 
tion solution, but 0.9% saline without any 
additives will suffice in most patients. 

In the case of septated lesions or suspect- 
ed fistula an "abscessogram" with injection 
of diluted contrast material (1:10) via the 
drainage catheter will be helpful. In sep- 
tated lesions this technique helps decide if 
additional drainage catheters are required 
to reach all areas of an abscess. An absces- 
sogram is capable of depicting communi- 
cations with structures like the pancreatic 
duct, the bowel, or the genito-urinary sys- 
tem (Fig. 35.4). 

Finally the catheter has to be fixed to the 
skin with a tolerance to allow for motion 
compensation. Especially in large cath- 
eters, suture is well suited for fixation. To 
avoid clogging and consecutively exchang- 
ing of a catheter, regular saline flushing of 
the catheter is mandatory. 

Results 

Percutaneous drainage is considered cost 
effective with reduced mortality and mor- 



bidity as compared to surgery. Overall, cu- 
rative percutaneous abscess drainage can 
be achieved in more than 80% of patients. 
Partial success occurs in 5-10% of patients. 
Another 5-10% experience recurrence and 
a similar rate of failure was reported. Com- 
plications are seen in approximately 10% 
of patients, with the highest complication 
rate in chest procedures (2-10%). Compli- 
cations include bacteremia, septic shock, 
hemorrhage, bowel injury, and pneumo- 
thorax [7]. 



Tips and Tricks 

• If a direct approach is not available, 
modulation of respiration or modifica- 
tion of patient positioning may be help- 
ful. 

• Displacement of the bowel by saline or 
air injection is a very effective technique 
to widen the access route. 

• Passage of the bowel for fine-needle as- 
piration (19-22G) is generally safe. Pas- 
sage of the colon, however, should be 
avoided, as colonic flora will contami- 
nate the specimen. 

• The table should be positioned as low 
as possible to offer enough space for the 
needle and interventional maneuvers in 
the gantry opening. 

• As the needle is a high contrast object, 
the use of low-dose scan parameters is 
feasible for control scans. 



Comparison of US-, CT-, 
and MR-Guidance 

Percutaneous drainage can be performed 
with ultrasound (US)-, fluoroscopy-, CT-, 
and magnet resonance (MR) -guidance. Ul- 
trasound and fluoroscopy are often used 
for imaging guided drainage. Both tech- 
niques offer real-time imaging allowing for 
online monitoring of the catheter applica- 
tion. Moreover, these techniques are cheap 
and therefore widely accepted drainage 
procedures. However, in complex anatomic 
situations or in areas with a limited acous- 
tic window, as well as in the chest, US imag- 
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ing is disadvantageous as compared to CT 
orMRI. 

CT and MRI provide excellent imaging 
of fluid collections in all parts of the body. 
Both techniques are independent of the 
acoustic window. MR imaging shows high 
tissue contrast even without administra- 
tion of contrast material. Although CT is 
generally preferred to MR-guidance, both 
techniques are suited for drainage proce- 
dures. Both techniques allow multiplanar 
imaging for puncture planning, but direct 
acquisition of multiplanar images is only 
possible with MR imaging, whereas a de- 
layed reconstruction of multiplanar images 
is needed with CT data. Real-time imaging 
is possible with both techniques using CT 
or MR fluoroscopy. Radiation exposure is 
the main drawback of CT, while MR imag- 
ing is limited due to the relatively long du- 
ration of MR-guided intervention as well as 
its limited availability and high cost. 
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Indications 

Suspicious lesions in parenchymal organs, 
soft tissue and bone that can not be clari- 
fied by any other non-invasive method. 

• Lung 

• Mediastinum 

• Liver 

• Pancreas 

• Retropentoneum 

• Kidnea and Adrenals 

• Bone 



Tips and Tricks 

• Document where the needle tip is when 
taking the probe (by additional scan). 

• CT fluoroscopy is recommended for 
moving organs (lower lung, liver, pan- 
creas), whereas spinal and pelvic punc- 
tures do not necessitate fluoroscopy. 

• In necrotic tumors it is important to get 
samples from the solid tumor parts. 

• For most parenchymal organs true-cut 
needles are used, while for lung biopsies 
aspiration needles ("Chiba needles") are 
preferred by most centers. 

• In subcapsular lesions with an increased 
risk of a punch hole by direct puncture a 
transparenchymal access path should be 
chosen. 



localisations resulting in increased preci- 
sion and decreased procedure-related com- 
plication rates. 

General Contraindications 

Since CT-guided punctures are elective pro- 
cedures, conditions that may endanger the 
patient have to be avoided. Besides an un- 
intended injury to an organ, the major risk 
of any percutaneous procedure is bleeding. 
Therefore, a sufficient coagulation status is 
essential. Quick values should not be below 
50-60%, the international normalized ra- 
tio (INR) should not be more than 1.5 and 
the platelet count should be at least 60,000- 
80,000/mm 3 [3]. 

In general, anticoagulation therapy 
must be stopped early enough in advance. 
If cumarine, heparin, or the more modern 
substances ticlopidine and clopidogrel are 
used for anticoagulation, the coagulation 
parameters have to be checked before a 
procedure is planned [4,6]. If low-dose 
acetyl salicylic acid (typically 60-100 mg) 
was administered, normal platelet func- 
tion can be expected after pausing for a 
few days [5]. 

Needles for Biopsy 



Introduction 



In general, three types of needles can be 
used: 



Computed tomography was first used for 
diagnostic punctures in 1975 [1,2]. CT- 
guided procedures have been established in 
the meantime due to improved tissue con- 
trast and resolution in crucial anatomical 



Fine needles (Chiba-needle type) with di- 
ameters from 0.64 to 1.07 mm (23-19 G) 
for cytological aspiration specimens 
True-cut needles with diameters of 1.27- 
2.77 mm (18-12 G) for tissue samples 
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Table 36.1. Scan parameters (given values are examples) 





4-8 slice 
scanners 


10-16 slice 
scanners 


32-64 slice 
scanners 


Scanning parameters 


Tube voltage (kV) 


120 


120 


120 


Rotation time (s) 


0.5 


0.5 


0.5 


Tube current time product (mAs) 


30 


30 


30 


Pitch corrected tube current time 
product (eff. mAs) 


30 


30 




Slice collimation (mm) 


^| 






Norm, pitch 


None 


None 


None 


Reconstruction increment (mm) 


Reconstruction thickness (mm) 


5 






Reconstruction kernel 


Soft 




Soft 


Contrast media 


Variable 


Variable 


Variable 







a 





Fig. 36.1. Cutting biopsy needle with the Tru- 
Cut principle; demonstration of probe groove 



• Large-core needles with diameters of 
2.11-3.40 mm (14-10 G) for bone biop- 
sies (Jamshidi-needle type) 

The needle diameter chosen for a specific 
anatomical target should represent a com- 
promise between sufficient sample size and 
as low as possible complication rate. For 
most parenchymal organs true-cut needles 
are used, while for lung biopsies aspira- 




Fig.36.2. For reduction of hand radiation ex- 
posure, when available usage of needle holder 



tion needles (Chiba needle) are preferred 
by most centers. However, due to the small 
sample size, aspiration needles only allow 
cytological diagnostics. Automated aspira- 
tion systems do not overcome this limita- 
tion [7]. If the needle has to travel a long 
distance, needle bending can be a problem 
due to the resulting deviation of the needle 
tip. Beside biopsy, Chiba needles can also 
be used for the minimal-invasive injection 
and instillation of various substances and 
drugs as in neurolysis or interstitial pain 
therapy. 

In contrast to aspiration needles half-, or 
fully- automated true-cut needle biopsy sys- 
tems produce large core samples enabling 
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Fig. 36.3. Example of a large lumen bone biopsy needle from Somatex 14 G/2.00 mm and 10-cm 
length. Aspiration syringe and sterile hammer 



intact cellular and tissue structures, even 
for immuno-histochemical staining. Even 
if the punch hole of true-cut needles is sig- 
nificantly larger than of aspiration needles, 
there is no significantly higher complica- 
tion rate known. 

To assure a diagnostically valuable result 
several probes are necessary. Therefore, it is 
advisable to take at least three probes from 
a fan-shaped covered area (Fig. 36.1). 

In some locations the use of a needle 
holder for the biopsy needle is helpful and 
avoids complications, such as high radia- 
tion to the investigator's hands (Fig. 36.2). 

In contrast to soft-tissue biopsy, more 
rigid and stable needles are used for bone bi- 
opsies, which allows one to drill the needle 
trough the bone (corticalis). The stiffness 
requirements of these needles necessitate 
larger sizes (e.g., 10-14 G) in comparison to 
soft-tissue biopsy needles (Fig. 36.3). 

Procedure 

CT-guided biopsy procedures can be per- 
formed online or offline under CT-fluoros- 



copy guidance. Based on preinterventional 
imaging, the target and entry site of the 
biopsy needle have to be defined. It is use- 
ful to mark the skin at the entry site with 
a waterproof or radiopaque marker using 
the gantry built-in laser light as reference. 
The access route from the skin entry site 
to the target has to be planned carefully to 
avoid unintended injury to the structures 
that are between the entry site and target. 
After preparation (cutaneous disinfections, 
local anesthesia, general analgo-sedation if 
necessary, local incision) the biopsy needle 
is advanced in- or off-plane, depending 
on the localization of the target and the 
related anatomical accessibility. The nee- 
dle path, with attention on the needle tip, 
must be monitored, either by subsequent 
single-slice imaging or by online fluoro- 
scopic scanning. A 5-mm collimation for 
both imaging types is generally sufficient 
to maintain a sufficient image quality and 
an adequate control of the needle tip. Due 
to partial volume effects, thicker collima- 
tion is not recommended since the needle 
tip cannot be exactly determined in a 10- 
mm slice. 
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Fig. 36.4. Positioning of an 18-G needle cutting 
biopsy in the suspicious lung round lesion from 
dorsal paravertebral. Histology: highly differen- 
tiated adenocarcinoma 



In contrast to offline control CT fluo- 
roscopy allows online visualization of the 
needle tip during needle advancement, 
which also facilitates double oblique access 
routes and the compensation for breathing- 
dependent motion of the target and needle. 
Additionally, joystick control of the CT 
couch motion allows very rapid promotion 
of the procedure. Nevertheless, even using 
optimally reduced scan parameters, CT- 
fluoroscopy results in increased radiation 
exposure to the patient and interventional 
radiologist since the exposure dose cor- 
relates directly with the fluoroscopy time. 
Therefore, radiation protection is a critical 
and mandatory issue [8,9]. 

New technical developments, such as 
dose modulation by switching off the ra- 
diation beam during a specific part of the 
rotation (e.g., HandCARE, Siemens Medi- 
cal System, Germany), will help to reduce 
the radiation exposure especially for the in- 
terventionist. Reductions of up to 30% for 
the patient and up to 70% for the interven- 
tionist seems possible using this technique. 
Nevertheless, the most important factor to 
keep the radiation exposure as low as possi- 
ble is to keep the fluoroscopic time as short 
as possible. 

Due to the excellent positioning control, 
the overall complication rate of CT-guided 
punctures e.g., 0.1-1.5% for abdominal 
punctures, in comparison to other invasive 
procedures is very low [10]. 



Special Indications 

Lung 

The indication of a lung biopsy is, the need 
of a histological or microbiological evalu- 
ation of a suspicious lesion when no other 
method is suitable. 

The local anesthesia (LA) has to incor- 
porate the parietal pleura without passing 
through the pleura folds. Once the target is 
identified, the biopsy needle has to be ad- 
vanced rapidly through the pleura folds to 
minimize the risk for an extended injury 
to the pleura resulting in pneumothorax. 
Spiking the target with the tip of the biopsy 
needle increases the confidence that the 
target is not missed while getting the probe. 
This is especially important in subpleural 
lesions. Nevertheless, the likelihood of a 
negative sample is higher for smaller le- 
sions. 

The procedure is finished with a con- 
trol scan to monitor probable immediate 
complications as parenchymal bleeding or 
pneumothorax. 

Depending on the clinical situation, a 
control X-ray of the chest is recommended 
2-24 h after the procedure. 

Pneumothorax after transthoracic bi- 
opsy occurs with a frequency of 20% [11] 
to 40% [12], while the need for a chest tube 
ranges from 2% [11] to 17% [12]. The gen- 
eral complication rate, including bleed- 
ing, infection, injury of nerves, vessels, 
or adjacent organs, is about 10% [13]; the 
total mortality rate is about 0.02% [14] 
(Fig. 36.4). 



Mediastinum 

Due to the vascular structures within the 
mediastinum, not all areas of the mediasti- 
num can be biopsied percutaneously. Plan- 
ning the access route has to incorporate the 
parasternal subpleural (fat) spaces that can 
be expanded by injecting saline and creat- 
ing access ways to the retrosternal medias- 
tinal parts. By doing so, pneumothoax can 
be avoided in almost all cases. 
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Fig. 36.5. Presentation of a central space occupying lesion in liver hilum after liver transplantation. 
Puncture of this lesion under CT fluoroscopy with a 16-G biopsy needle. Histology: posttransplanta- 
tion lymphoproliferative disorder (PTLD) 



Liver 



Pancreas 



In cases where imaging is nondiagnostic 
and the differentiation of a lesion is essen- 
tial for further treatment, planning histo- 
logical proof is mandatory and in general a 
percutaneous biopsy indicated. 

The planning of the procedure encloses 
the evaluation of the costo-diaphragmatic 
recess to avoid a transpleural or transpul- 
monary access route. To prevent damage of 
the liver capsule - similarly to lung biop- 
sies - the needle should be advanced rap- 
idly through the capsule. In subcapsular le- 
sions with an increased risk of a punch hole 
by direct puncture, a transparenchymal ac- 
cess path should be chosen. Due to the cap- 
sular enervation crossing of the falciform 
ligament, the hilus or the gallbladder bed 
should be avoided. 

While sensitivity, specificity, and over- 
all accuracy of CT-guided liver biopsies are 
very high with 91.1, 100, and 93.3%, respec- 
tively [19], minor and major complications 
in hepatic biopsies are very rare. Tumor 
seeding along the needle track in biopsies 
of malignancies is reported in the literature 
to range from 0.003-0.009% [15,16] to 1.6- 
3.4% [18,17] (Fig. 36.5). 



A biopsy of the pancreas is indicated in cas- 
es where surgical exploration is excluded 
and palliative therapy is planned, or a po- 
tential tumor has to be differentiated from 
inflammation. 

Due to the retroperitoneal localization 
of the pancreas, the biopsy is technically 
demanding. Different access routes are pos- 
sible: (1) transperitoneal with or without 
crossing the stomach, duodenum, or liver, 
(2) transretroperitoneal, paracaval. Usually 
16-18 G needles are used, however, 20-22 G 
needles are recommended when using the 
transgastric or transduodenal access route. 
Using the latter routes, fasting for at least 
six hours is advisable to avoid secondary 
infections. Pancreatic head and tail are 
sometimes better approached via a retro- 
peritoneal route. The instillation of saline 
or air can be helpful to prepare the access 
path. The sensitivity reaches - depending 
on the used technique - up to almost 100% 
[20-23], the complications rate ranges from 
0.5-3% [24,25], and tumor seeding is re- 
ported between 0.003 and 0.009% [15]. 
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Fig. 36.6. Known spondylodiscitis, probe removal for microbiological evaluation with a 10-G bone 
marrow biopsy needle 



Retroperitoneum 

Typical indications are retroperitoneal 
masses, enlarged lymph nodes, or a bulky 
mass suspicious of lymphoma. Planning 
the delineation of the paraspinal vessels 
and the ureteres will avoid unintended in- 
juries. 

In lymphomas the sensitivity of the bi- 
opsy sample is about 90% and the specific- 
ity more than 97% [26] with a negligible 
complication rate. 



Kidney and Adrenals 

The indication for a renal or adrenal biopsy 
is rarely given. A typical example is the sus- 
picion of lymphoma or metastatic disease. 
In the suspicion of pheochromocytoma one 
must be aware of the potential of a hyper- 
tensive crisis and has to be prepared for the 
treatment of such an occurrence. 

In general, the left adrenal is more ac- 
cessible than the right one. It can be also 
reached via a transhepatic path. 



Bone 

Suspicion of malignancy and infection 
may raise the indication for a bone biopsy. 
When the corticalis has to be incorporated 
within the specimen or solid bone has to be 



crossed to reach the target lesion, typically 
a Jamshidi-like needle is used which is sta- 
ble enough to cross solid bone. In osteolytic 
lesions, a true-cut needle is often sufficient. 
Due to the high algesia of the periosteviro 
ample anesthesia is mandatory, as well as 
absolute sterility to avoid secondary bone 
infection. 

The diagnostic specificity in osteolytic le- 
sions is 80-90% [27] while osteoplastic and 
mixed lesions are correctly sampled with 
70-80% [27]. Bone biopsies are very safe 
procedures with an over all complication 
rate of about 1% (Fig. 36.6). 
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Indications for Ablation Therapy 

• Primary and secondary liver tumors 

• Osteoid osteoma 

• Renalcellcarcinoma 

• Primary and secondary lung 
malignancies 

• Osserus and soft-tissue tumors 



Comments 

Percutaneous thermal ablation including 
radiofrequency (RF) ablation, laser inter- 
stitial thermotherapy (LITT), microwave 
(MW) ablation, high-intensity focussed 
ultrasound (HIFU), and cryoablation are 
minimal invasive therapy options in the 
treatment of hepatic and nonhepatic tu- 
mors. CT-guided RF ablation gained im- 
portance in the potential curative therapy 
of primary and secondary liver tumors and 
is a well-established treatment of benign 
osteoid osteoma. Currently new fields of 
image-guided RF ablation are represented 
by primary and secondary malignancies 
of the lung, renal cell carcinoma, and the 
treatment of symptomatic osseous and 
soft-tissue tumors. 

Thermal ablation procedures destroy 
tumor tissue with either heat or cold in a 
circumscribed area. The RF ablation is the 
most widespread thermal ablation therapy. 
The principle of RF ablation is an induction 
of frictional heat caused by the movement of 
ions. Therefore a high-frequency electrical 
current (375-480 kHz) is applied leading to 
a coagulation of the tissue. The electric cur- 
rent is closed between two electrodes. Most 
currently available RF devices are monopo- 
lar in that there is a single "active" electrode 



positioned in the target tissue and disper- 
sive electrodes (grounding pads) placed on 
the body surface. In bipolar and multipolar 
RF devices the electrodes are placed in the 
target tissue and no grounding pads are re- 
quired. In bipolar RF ablation, the electric 
circuit is closed between two RF electrodes 
placed in or at the periphery of the tumor. A 
design of two electrodes located on differ- 
ent shafts or on the same shaft is possible. 
In multipolar RF ablation more than two 
electrodes are combined allowing a con- 
secutive activation of every possible pair of 
electrodes. There are also variations in the 
design of the RF electrodes like multitined 
expandable electrodes, internally cooled 
electrodes, and perfusion electrodes. 



Patient Preparation and Positioning 

Image-guided ablation therapy can be per- 
formed under general anesthetic or under 
local anesthetic in combination with con- 
scious sedation. General anesthesia should 
be performed at the patients request and 
in the treatment of osteoid osteoma or in 
painful osseous and soft tissue tumors. An 
i.v. access is necessary for medication ap- 
plication and contrast media capable for a 
flow of 3 mL/s. Sufficient blood coagula- 
tion tests are mandatory (quick test > 50%, 
platelets > 50,000 pL). When a monopolar 
RF system is used an adequate placement 
of grounding pads prior to the interven- 
tion is obligatory. Therefore, depending on 
the RF device used, one to four grounding 
pads should be placed at equidistant sites 
from the target tissue. Usually, grounding 
pads are placed on the thighs and the back 
of the patient and orientated with the Ion- 
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Table 37.1. Scan parameters 




Scanner settings 

Tube voltage (kV) 

Rotation time (s) 

Tube current time product (mAs) 

Pitch corrected tube current time 
product (eff. mAs) 

Slice collimation (mm) 

Norm, pitch 

Reconstr.-slice thickness (mm) 

Convolution kernel 

Specials 

Scan range 



120 


120 


120 


■ 


0.5 


0.5 


190-270 


45-80 


45-100 


150-180 


60-80 


60-80 


1.0,2.5 


0.75,1.5 


0.6,1.2 


1.25-1.5 


0.75-1 


0.75-1.2 


^H ^H 





Standard 



Liver and ad 
jacent parts of 
lung and abdo- 
men 



Standard 



Liver and ad- 
jacent parts of 
lung and abdo- 
men 



Standard 



Liver and ad- 
jacent parts of 
lung and abdo- 
men 



Scan direction 


Craniocaudal 


Craniocaudal 


Craniocaudal 


Contrast media application 








Concentration (mg iodine/mL) 


370 


370 


400 


Mono/Biphasic 


Monophasic 


Monophasic 


Monophasic 


Volume (mL) 


60-80 


60-80 


60-80 


Injection rate (mL/s) 


3.0 


3.0 


3.0 


Saline chaser (mL, mL/s) No No 30/3.0 


Delay (s) 



gest surface edge facing the RF electrode. 
A bipolar or multipolar RF system does not 
require grounding pads. Patient position- 
ing in supine or prone position depends on 
the supposed transcutaneous approach. An 
elevation of the right or left flank might be 
necessary in order to facilitate the position- 
ing of the electrode by displacing vulnera- 
ble organs. It has to be ensured that the pa- 
tient can stay in the supposed position over 
the time necessary for the intervention. The 
topogram should include the target tissue 
and the adjacent anatomic structures. For 
example, the CT scan before hepatic abla- 
tion therapy should include the whole liver 
and the adjacent parts of the lung and ab- 
domen. 



Scan parameters 

See Table 37.1. 

Tips and Tricks 

Before patient positioning, the supposed 
approach should be defined based on pre- 
vious images to avoid repositioning after 
the first CT scan. While patient and table 
positioning, ensure that there is enough 
space between patient and CT gantry for 
applicator insertion. Therefore it might be 
necessary to lower the table for easier ven- 
tral access. Or an RF applicator not longer 
than the required length should be chosen. 
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Use reduced amounts of contrast medium 
since several series for planning, position- 
ing, and controls after RF application will 
be necessary. 



Indications 

for Image-Guided Ablation Therapy 

Primary and Secondary Liver Tumors 

Surgical segmental resection and liver 
transplantation for hepatocellular carcino- 
ma (HCC) are the gold standard therapies 
in the treatment of primary and second- 
ary liver malignancies. Due to technical 
and functional reasons, curative surgery is 
possible in only 10-25% of patients. There- 
fore, minimal invasive ablation therapy is a 
promising and rapidly evolving technique 
in inoperable patients or patients who re- 
fused surgery. Because of its efficiency and 
relatively easy use, RF ablation is the most 
widespread ablation modality beyond all 
image-guided thermal therapies. RF ab- 
lation increasingly gains importance in 
the treatment of primary and secondary 
hepatic malignancies [1]. However there 
are no uniform indications validated up 
to now and no large prospective random- 
ized studies comparing RF ablation with 
the gold standard surgery. In the follow- 
ing, the indications for RF ablation of HCC 
and colorectal metastases (CRM) as rec- 
ommended by the German working group 
on image-guided tumor ablation are given 
(www.drg.de). 

Recommendation for therapy: 

• Hepatocellular carcinoma (HCC) 

Child A and B; Child C only in se- 
lected cases. 

Maximum diameter: 6 cm. 
Maximum number: 3 tumors per 
liver lobe. 

Absence of extrahepatic tumor man- 
ifestations. 

• Smaller tumors (< 3 cm) can be treated 
by a sole RF ablation. 

• In larger tumors (3-6 cm) a transcath- 
eter arterial chemoembolization (TACE) 
should be performed before RF abla- 
tion. 




Fig. 37.1. Topogramm of a CT scan before a 
hepatic ablation therapy. The scan includes the 
liver and the adjacent parts of the thorax and 
abdomen 



• Colorectal metastases (CRM) 

Multifocal: maximum diameter 
3.5 cm. 

The number of metastases is not 
limited if a complete ablation of all 
metastases is possible. 
Unifocal: maximum diameter 5 cm 
(overlapping RF ablations are neces- 
sary). 

Absence of extrahepatic tumor 
manifestations; extrahepatic tumors 
without progression or an option for 
a sufficient therapy (e.g., pulmonary 
or bone metastases) are not a strict 
contraindication. 

For metastases other than colorectal 
(Fig. 37.2), no clear indications are defined 
so far. In a potentially curative therapy 
concept, a complete ablation of all metas- 
tases has to be intended (Fig. 37.3 and 37.4). 
An ablation therapy is also applicable as a 
symptomatic therapy, for example, an abla- 
tion of neuroendocrine metastases can re- 
lieve related clinical symptoms. The indica- 
tion for an image-guided ablation therapy 
should be based on an interdisciplinary 
consensus. If necessary, an ablation thera- 
py can be a part of a multimodal therapy 
in combination with chemotherapy and/or 
surgery. 

A potential contraindication for a hepat- 
ic RF ablation is a tumor location close to 
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Fig. 37.2. Colorectal metastasis before radio- 
frequency ablation showing a low attenuation 
in a portal phase 



the liver hilus due to the risk of a secondary 
bile duct stenosis. Another critical location 
is a subcapsular RF ablation adjacent to 
stomach, adrenal gland or bowel. In these 
cases it should be tried to distance/displace 
the adjacent organ, or a laparoscopic ap- 
proach should be considered. Due to per- 
fusion-mediated tissue cooling a complete 
ablation of tumors adjacent to large vessels 
is difficult. 



Osteoid Osteoma 

Osteoid osteoma is a benign but painful 
tumor, and has a characteristic radio- 
logical appearance. The therapy options 
are surgical, conservative (medical), and 
percutaneous ablation therapy. Pain relief 
can be achieved by long-term application 
of nonsteroidal antiinflammatory medi- 
cation, but is associated with gastroin- 
testinal side effects. Traditional surgical 
treatment can be difficult because of in- 
traoperative problems to identify the ex- 
act tumor location and thus may lead to 
recurrence. CT-guided percutaneous RF 
ablation of osteoid osteoma can be per- 
formed with a high rate of success and 
minimal morbidity (Fig. 37.5). Surgical 
treatment should be preferred if the oste- 
oid osteoma is in the vicinity of the spinal 
cord or nerves. Image-guided percutane- 
ous RF ablation can be considered as the 
treatment of choice for most osteoid oste- 



omas located in the appendicular skeleton 
and pelvis [2]. 



Radiofrequency Ablation 
in Lung and Kidney 

RF ablation of renal cell carcinoma and pul- 
monary malignancies is a new field of abla- 
tion therapy. Preliminary results show that 
RF ablation in lung and kidney is safe and 
feasible [3,4]. The evaluation of long-term 
efficacy is necessary and based on further 
results the indications may be defined. 
Currently, image-guided thermoablation is 
being investigated in patients who are not 
surgical candidates. 

Indications in primary lung malignan- 
cies might be a localized primary tumor 
without pathological lymph nodes (NO) in 
inoperable patients due to comorbidity or 
a symptomatic ablation, e.g. to relief para- 
neoplastic symptoms. Surgical metastasec- 
tomy is a potentially curative procedure 
[5]. The most important prognostic factor 
is that resection has to be complete and 
thus ablation therapy should have the same 
intention. 

Renal cell carcinoma (RCC) in patients 
with single kidney, synchronous primary 
malignancies (e.g., Hipple-Lindau's dis- 
ease), and comorbidity are candidates for 
minimal invasive nephron-sparing surgery 
or percutaneous ablation therapy. There is 
an easy percutaneous approach to dorsal 
and lateral parts of the kidney, where most 
RCCs are located. Currently, the best indi- 
cation for percutaneous RF ablation is an 
exophytic tumor with a maximum diam- 
eter of 3 cm [4]. 



Symptomatic Treatment of Osseous 
and Soft-Tissue Tumors 

RF ablation can provide an effective pallia- 
tion of localized, painful lytic metastases 
involving bone [6]. This is an additional 
therapy option if standard treatments like 
radiation, chemotherapy, and oral medica- 
tion fail. RF ablation can be helpful in the 
palliative treatment of osseous or soft tis- 
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Fig. 37.3. Image shows a nonenhanced CT scan 
to control placement of the radiofrequency 
electrode 



sue neoplasms if surgery is not possible and 
chemotherapy is not effective. Possible in- 
dications are pain relief and decompression 
of vascular and neuronal structures. The 
indication of an ablative therapy as pallia- 
tive treatment is an individual decision and 
a careful evaluation is mandatory. 

CT-Guided Radiofrequency Ablation 

The procedure of a CT-guided ablation 
therapy will be described by means of a CT- 
guided RF ablation of hepatic malignancies. 
After patient preparation and positioning 
we perform a native and contrast enhanced 
(i.e., arterial and portal phase) multislice 
CT for the planning of the procedure. An 
arterial and portal phase is routinely per- 
formed in hypo- and hypervascular tumors 
to have a delineation of arteries and veins. 
We use a reduced amount of contrast me- 
dia (60-80 mL) compared to a diagnostic 
dual phase CT of the liver. The reason is 
that repetitive application of contrast me- 
dia might be necessary to ensure correct 
placement of the RF electrode or to rule out 
a complication. After selection of an appro- 
priate approach we mark the supposed cu- 
taneous access with a grid or barium paste 
and verify the position in a control CT scan. 
Placement of the RF electrode can either be 
performed under CT fluoroscopy or with 
repetitive single slices in the biopsy mode. 
When an angulation in the craniocaudal 



Fig. 37.4. This enhanced CT scan shows the 
zone of coagulation without enhancement in 
the portal phase. The high attenuation in the 
centre of the coagulation is caused by carbon- 
ization around of the electrode tip. Lateral to the 
zone of coagulation there is wedge-shaped area 
of reduced liver perfusion. The coagulation of 
the needle track causes the ventro-lateral hump 
of the zone of coagulation. The needle track has 
a slightly caudocranial orientation and therefore 
only a part of the linear zone of coagulation is 
included in the shown image 



direction is required, a multiplanar recon- 
struction along the electrode shaft is helpful 
to guide the electrode placement. After cor- 
rect placement, a high-frequency electrical 
current is applied leading to heat produc- 
tion in the surrounding of the electrode tip 
caused by molecular friction. The induced 
coagulation necrosis shows a low-density 
occupation in an unenhanced CT. An ad- 
ditional central high attenuation caused 
by carbonization around the electrode tip 
may occur and formation of air bubbles as a 
side effect is possible. On enhanced CT the 
coagulation is nonenhancing with the best 
delineation in a portal phase. The coagula- 
tion may have an enhancing rim related to 
hyperemia from thermal injury [7]. This 
is more typically on an arterial dominant 
phase. The zone of coagulation could be 
accompanied by an adjacent peripheral- 
based wedge-shaped area of altered liver 
perfusion [7]. For complete tumor ablation, 
a repositioning of the RF electrode may be 
necessary for an overlapping ablation. Af- 
ter supposed complete tumor ablation the 
needle track is coagulated while the RF 
electrode is removed. For this reason, the 
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Fig. 37.5. CT scan in biopsy mode to verify 
placement of the radiofrequency electrode in- 
side the nidus of an osteoid osteoma located in 
the tibia 



risk of a tumor cell seeding or bleeding 
from the electrode tract should be mini- 
mized. The ablation track may be visible as 
linear zone of coagulation on further imag- 
ing. After ablation therapy we perform a 
dual-phase CT of the liver and the adjacent 
parts of thorax and abdomen to exclude a 
complication like an active bleeding. An 
exact prediction of the extent of coagula- 
tion immediately after ablation therapy is 
not possible due to an ongoing process of 
thermal injury. The differentiation of reac- 
tive hyperemia and residual tumor may be 
difficult and therefore further follow-up is 
necessary. 

Comparison between CT, MR, 
and US guidance 

Image-guided ablation therapy can be 
performed under CT, magnetic resonance 
(MR) or ultrasound (US) guidance. The ide- 
al qualities of an image technique are clear 
delineation of tumor and the surrounding 
anatomy, real-time imaging, multiplanar 
capabilities, and monitoring of treatment 
effects. Ultrasound offers real-time imag- 
ing and therefore a fast applicator place- 
ment is possible. The disadvantage is that a 
monitoring of treatment effects is very dif- 
ficult due to air bubbles produced by vapor- 
ization thus preventing a clear delineation 
of the tumor after application of RF energy. 



Thus a repositioning of the RF electrode 
can hardly be visualized. A pathologic cor- 
relation of ultrasound images and patho- 
logic specimen showed discrepancies and 
therefore the echogenic response should 
be viewed only as a rough approximation 
of the area of induced tissue necrosis. The 
final assessment of ablation should be de- 
ferred to an alternative imaging technique 
[8]. CT and MR imaging provide a sensitive 
detection of liver lesions and, compared to 
US, a better evaluation of posttherapeu- 
tic effects. MR images show a high tissue 
contrast even without administration of 
contrast media. A clear delineation of liver 
lesions on CT images is often limited to a 
time window after application of contrast 
media. 

For MR imaging there is a more distinct 
contrast between the signal of the tumor 
tissue and the posttherapeutic zone of co- 
agulation on T2-weighted MR images com- 
pared to changes of density on CT images. 
Therefore MR imaging provides better 
monitoring of treatment effects in paren- 
chyma, e.g., liver and kidney. The draw- 
back is that MR-guided ablation therapy is 
time consuming. CT guidance is superior 
in the treatment of osteoid osteoma and 
pulmonary malignancies due to the bet- 
ter visualization of lung tumors and small 
bone lesions. CT and MR imaging both of- 
fer the possibility of muliplanar images. 
However, a direct acquisition of multipla- 
nar images is only possible with an MR 
scanner, whereas delayed reconstruction 
of muliplanar images is required with data 
from multislice CT. Near real-time imag- 
ing using CT or MR fluoroscopy is possible. 
The exposure to X-ray radiation during CT 
fluoroscopy is a disadvantage compared to 
MR fluoroscopy. 

Multislice CT is suited for the pos- 
sible indications of image-guided ablation 
therapy. MR imaging is an alternative for 
image-guidance. The decision about a cer- 
tain imaging technique has to consider the 
individual situation like tumor size and 
location, possible contraindications for 
contrast media, and the interventionalists 
preference with the different modalities of 
image guidance. 
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Indications and Contraindications 

Indications 

Symptomatic vertebral hemangioma. 
Painful osteolytic vertebral body tumour 
(particularly metastases and multiple my- 
eloma) and painful fracture of osteoporotic 
vertebral body refractory to conservative 
analgetic treatment. The aim is the stabili- 
zation of the fractured vertebral body and, 
due to the stabilization, an effective pain 
treatment [1]. 



Relative Contraindications 

Patients under 60 years of age - no long- 
term data regarding used cement. Osteo- 
plastic metastases. More than 3-5 vertebral 
bodies affected. Tumorous lesions with 
epidural extension due to possible epidural 
overflow and spinal cord compression [1]. 



Absolute Contraindications 

Septicemia. Hemorrhagic diathesis. Non- 
symptomatic vertebral body fractures. Pro- 
phylactic vertebroplasty [1]. 



Patient Preparation 

Patients must be informed and must have 
signed an informed consent form at least 
24 h prior to intervention. Further patient 
preparation includes an i.v. line, premedi- 
cation (if necessary), and local anesthe- 
sia. Blood coagulation parameters must 
be available and must not be older than 



72 h. Before performing the procedure we 
strongly recommend scanning the region of 
interest in order to plan an optimal access 
route, to choose the correct needle length, 
and to avoid harming nerve and vascular 
structures next to the targeted vertebral 
body. 



Patient Positioning 

For thoracic and lumbar levels, the patient 
is best positioned in the prone position. For 
cervical levels, the patient has to be posi- 
tioned in the supine position. 

Topogram and Scan Range 

CT fluoroscopy is especially recommended 
for needle positioning and cement instilla- 
tion. 

Table Scan Parameters 

Depend on the scanner used for interven- 
tion. 



Tips and Tricks 

• A 15-G needle should be used for cervical 
spine and a 10-G needle is recommended 
for thoracic and vertebral spine. 

• If the PMMA cement is cooled before 
mixing (both the powder and the fluid 
monomer), the time period in which 
the cement can be used is prolonged, 
because the cement remains in a fluid 
phase longer (6-8 min). 



IX CT-Guided Interventions 




Fig. 38.1. Anterolateral approach. The needle 
is inserted latero-dorsal to the carotid artery in 
the prone position of the patient. The carotid 
artery should be palpated during the subcuta- 
neous passage of the needle. The needle travels 
through the sternocleidomastoid muscle. Care 
should also be taken not to injure the vertebral 
artery, lying behind to the shown site of needle 
entry to the vertebral body 




Fig. 38.2. Posterolateral approach. May serve 
as an alternative to the transpedicular approach 
in the lumbar spine (when a central needle po- 
sition is not achievable with the transpedicular 
approach). Patient in prone position. In the pos- 
terolateral approach the needle travels through 
the intercostals space, the iliopsoas muscle, and 
enters the vertebral body laterally. Care has to 
be taken not to enter the pleural space 



Comments 



Since percutaneous vertebroplasty (VP) 
was first described by Galibert et al. in 1984 
[2] the interest in this treatment option has 
grown and many technical improvements 
have been made. Percutaneous VP has be- 
come a widely accepted procedure with an 
increasing number of published studies. 

Percutaneous VP has to be performed 
under stringent sterile conditions using 
sterile needles, applicators, surgical gloves, 
and cutaneous disinfection. 

The procedure itself is normally per- 
formed under local anesthesia only and, if 
necessary, in combination with an intrave- 
nous analgo-sedation using, for example, 
Midazolam (Dormicum®) and Piritramid 
(Dipidolor®). General anesthesia is gener- 
ally not necessary, but may be considered 
when planning multiple heights. 

After selecting the access route and 
height on the previously performed CT 
scan, the local anesthesia should be injected 
under CT-fluoroscopic control to adminis- 
ter the anesthesia along the selected route 
and to reliably anesthetize the deep layers 
of skin and periost. After local anesthesia, 
a small skin incision by a scalpel has to be 
made to enable the 10-15-G needle to pen- 
etrate the skin. 



Depending on the height that has to be 
treated, different approaches are recom- 
mended. On the cervical level, the optimal 
approach is anterolateral (Fig. 38.1), while 
on the lumbar level the posterolateral (Fig. 
38.2) or - most often used - the transpedic- 
ular approach (Fig. 38.3) should be chosen. 
In the thoracic spine, a transpedicular ap- 
proach is sometimes possible, but an inter- 
costovertebral (Fig. 38.4) approach should 
be the first choice. 

The advancement of the VP needle can 
be safely guided under CT-fluoroscopic 
control. Ideally, the needle tip is placed in 
the anterior third to fourth of the vertebral 
body, close to the midline. Using this needle 
position, contralateral access is normally 
not necessary to obtain a good cement 
distribution within the vertebral body [3]. 
Cortical perforation often requires the use 
of a surgical hammer. When the needle is 
optimally positioned, the stylet has to be 
removed from the needle and the cement 
can be prepared. The PMMA cement has to 
be administered during its toothpaste-like 
phase using either small (2-5 mL) syringe 
or a pressure syringe (e.g., Optimed, Karl- 
sruhe, Germany). The injection of the ce- 
ment has to be carefully controlled either 
under fluoroscopy or under CT fluoros- 
copy. The injection of the cement has to be 
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Fig. 38.3. Transpedicular approach. The most 
frequently used approach on the lumbar spine. 
CT-guidance is straightforward. When using a 
huge needle, fractures of the pedicular process 
may occur. Therefore, CT-fluoroscopic control of 
the advance of the needle is mandatory 




Fig. 38.4. Intercostovertebral approach. This is 
the most common approach used on the tho- 
racic spine. Risks are minimal, however, careful 
advancement of the needle under fluoroscopic 
control is necessary 



stopped immediately if the mixture starts 
to pass into the disc space or the paraver- 
tebral tissue. Special care has to be taken to 
avoid cement into the epidural space, since 
this may cause severe neurological deficits 
and thus major complications. The distri- 
bution of the cement can be controlled by 
moving and rotating the needle. A good 
result is obtained if there is cement within 
at least 30-50% of the vertebra (about 3 to 
7 mL) [4]. A complete filling of the treated 
vertebra has to be avoided regarding to a 
possible fracture of the neighboring ver- 
tebra due to the increased strength of the 
adjacent treated vertebral body. 

After injection of the cement, it is sug- 
gested that the trocar be repositioned with- 
in the needle to press any remaining cement 
out of the needle and to avoid unwanted ce- 
ment distribution along the access pathway. 
After finishing the procedure, the patient 
should have a single intravenous broad 
spectrum antibiotic treatment to avoid in- 
fection. A regional CT scan should be done 
to document the distribution of the cement 
and to rule out any complications. 



Possible Complications [5] 

• The most common serious complica- 
tions are cement leakage toward the 
epidural veins, epidural space, and neu- 
ral foramina. The most serious com- 



plication is leakage towards the epidu- 
ral space with a consecutive spinal cord 
compression leading to severe neuro- 
logical deficits, such as paraplegia (if 
in thoracic or lumbar heights) or even 
paresis of the upper and lower limbs 
(cervical spine). In severe cases, the 
patient has to undergo an orthopedic 
or neurosurgical intervention. Cement 
leaks into the adjacent disk do not usu- 
ally have clinical consequences; howev- 
er, these leaks may increase the risk of 
a collapse of the neighboring vertebra. 
This leakage may be missed by CT-fluo- 
roscopic control, and may necessitate 
fluoroscopic control or a spiral CT to in- 
vestigate the adjacent vertebral bodies. 
Leaks into paravertebral veins can lead 
to pulmonary cement embolism, which 
is not normally clinically apparent, but 
can cause, in the worst cases, death or 
failure of the right ventricle. 
The second-most reported complication 
is infection. For this reason strict steril- 
ity during intervention is mandatory. 
Prophylactic antibiotic treatment dur- 
ing the procedure may be considered. 
The occurrence of temporal pain after 
the procedure is normal and should dis- 
appear within 24 h after intervention. 
Postprocedural pain is proportional to 
the administered amount of cement and 
is often observed after "good packing" 
of the vertebra. 



IX CT-Guided Interventions 



Allergic reactions and hypertension oc- 
cur far less often after VP as compared 
to orthopedic surgery, due to the smaller 
volume of cement used. 
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